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Executive summary
In 1992 the Hungarian Ministry of Transport, Communication and Water and the Ministry
of Environment and Regional Policy, sponsored by the Netherlands Government, commissioned a combination of Dutch and Hungarian institutes to execute a study into the possibilities for the rehabilitation of the Gemenc floodplain. It was agreed that the study would focus
on the water management of the area, but nevertheless take into account the wider scope of
other management areas and interests such as the forestry, hunting, fisheries and recreation
as well.
The Gemenc Landscape Protection Area, located in the Danube floodplain in southern
Hungary, is of outstanding natural beauty and represents important natural resources. In the
Gemenc Floodplain, which is for the largest part under forest, still remnants of the former
natural alluvial forests are present. It is an important game reserve and a unique habitat for
several species of wild animals indicative for relatively pristine ecosystems in the river
floodplain, such as the predatory bird species White-tailed Eagle and Black Kite and also the
Black Stork and Night Heron. However, these natural resources are under an increasing
pressure from a number of other interests.
River training works since last century aimed at flood protection, better navigability and
prevention of ice-jams. Lower stream velocities in the abandoned side arms and cut-off
meanders led to siltation and temporary eutrophication of these side arms. Higher stream
velocities in the main channel led to its deepening and consequently to a lowering of the
groundwatertables in the floodplain. Hence the original ecological functions of the river have
by and large been reduced substantially. At present the side arms and lateral channel habitats
form a last refuge for many of the typical riverine flora and fauna. Besides, the forestry and
hunting in the Gemenc area have imposed pressure on the natural floodplain ecosystems and
associated water management. Most recreational activities are water bound, such as angling,
sailing and swimming. Along the river and the side channels many summer cottages have
been built. Commercial fisheries is concentrated along the side arms which have a connection
with the river.
These problems have led to the question how to create proper conditions for regeneration
and restoration of the natural ecosystems of the Gemenc floodplain in such a way that the
remaining functions of the area are not affected unduly. Because of the complexity of this
question, and the different interests involved, it was decided to carry out a policy analysis,
concentrating on the water management, to study the various options for the restoration of
the Gemenc Floodplain.
The policy analysis study used hydrodynamic and water quality models, a Geographic
Information System of the Gemenc area and expertise from a range of disciplines. This made
it possible to unravel the complex relations between the environment and human interventions.
Crucial was the participation of local experts in the design and screening of measures, as well
as the feedback from local interest groups at several occasions during the project. This
resulted in the formulation of rehabilitation ideas, most of which have hitherto not been
discussed. The combination of creative thinking with practical possibilities and limitations
has been worked out in a cyclic process from which three different alternatives emerged.
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These have been analysed on their feasibility with regard to the goals to be achieved, their
costs and their impacts on other interests.
Alternative I entails the improvement of the side arms Gre"beci, Rez6ti and Mdric Duna by
dredging, and of the Ven and K£dar Duna by enlarging the openings in the existing dams.
Alternative II involves the creation of a new lateral channel by connecting the old side arms.
This alternative has been worked out for two variants which differ in length and location.
For Alternative III, water from the Sid will be directed to the nearby floodplain depressions
(the Keselyus area) during a period of 5 to 7 days in April and again in May.
The analysis results show that ecological rehabilitation can be attained at reasonable costs for
the V6n, Mdric and K3dar Duna (Alternatives lc, Id and Ie). Improvement of the Gre"beci
Duna (Alternative Ia) will entail huge amounts of dredging and is therefore quite expensive.
Due to the hydrological characteristics of the Rez6ti Duna (Alternative lb) here even major
dredging does not seem to result in a significant improvement of the ecological situation.
Although for the long lateral channel (Alternative Ha) the initial investment costs are relatively high, the cost effectiveness of the alternative is favourable due to its length and low
maintenance dredging costs. Hence, this alternative is also promising. The short lateral
channel (Alternative lib) shows some improvement of the ecological situation.
Alternative III, using the water of the Sid, is of quite a different nature compared to the other
alternatives. It will have an effect on the terrestrial floodplain ecosystems rather than on the
aquatic habitats in the side arms. Especially the improvement of the groundwater situation
looks promising, but should be studied in more detail.
The impacts of the alternatives on the hydrology and morphology of the side channels and
main channel and on the water quality within the side channels have been assessed with onedimensional mathematical models. None of the alternatives are expected to create problems
with regard to the river management requirements, such as safety against flooding, ice dams
and navigation. Improvements of the water quality which can be obtained with the different
alternatives are variable. Alternative Ia (Gre'beci), lc (V6n) and Id (Mdric) probably give
the best results. The impacts on the forestry, as assessed by using the Geographical Information System developed for the Gemenc area, are limited. For the fisheries most alternatives
show an improvement, while the recreation potential is enhanced.
The over-all conclusion is that by a sound water management which integrates the different
interests in the area, the rehabilitation of the Gemenc floodplain is possible indeed. Taking
into account the relatively high nature values still present in Gemenc, the potential for
improvement is high. Gemenc could be used as an example for the restoration of similar
floodplains elsewhere along the Danube.
It certainly will be worthwhile to combine the promising elements of each of the alternatives
into an integrated management plan for the sustainable development and rehabilitation of the
Gemenc floodplain. Besides dealing with measures related to the water system, this plan could
be extended with new management options in related fields of interest, such as the forestry,
game management and recreation. A monitoring programme is recommended to improve the
knowledge on the area and to be able to adjust the management plan whenever necessary.
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The policy analysis approach of the project has demonstrated to be fruitful in a number of
ways. Interdisciplinarity of the study team, regular feedback with local groups and experts
and the use of a computational framework all proved to be important elements to reach the
results. It is hoped that these results will support the decision makers in their efforts to
guarantee a sound future of the Gemenc area.
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Rovid Osszefoglalo
A Kozlekedesi, Hfrkozlesi es Vi'zugyi, valamint a K6rnyezetv6delmi es Teruletfejlesztesi
Miniszterium a Holland Kormany timogatisaval 1992-ben, megbfzott egy holland es magyar
intezetekbo'l alio csoportot a Gemenci hullamter rehabilitaciqjanak lehetseges valtozataira
vonatkozo tanulmany elkeszftesevel. Megegyezes szuletett arra, hogy a tanulmany a terulet
vfzgazdalkodasara osszpontosft, mindazonaltal mas olyan gazdalkodasi teruleteket es erdekeket
is szeleskoruen figyelembe vesz, mint az erdo- es vadgazdilkodis, a haliszat 6s az udules.
A Gemenci Tajvedelmi Korzet egy Magyarorszag deli reszen elteriM, kiv6teles termeszeti
sztJpsegu es jelento s termeszeti ertelcet kepezd , mindazonaltal komoly, egy missal ellentmond6
erdekekkel terhelt dunai hullamteri terulet. A Gemenci hullamteren, amely nagyreszt erdo vei
boritott, meg mindig fellelhetdk a koribbi termeszetes alluvialis erdok maradvanyai. A terulet
jelento s madarrezervatum es egyeduli tartozkodasi helye szamos olyan vadfajnak mint peldaul
a ragadozomadarak koziil a r6tisas 6s a barnakanya, valamint a fekete g61ya 6s a bakcs6, melyek
a viszonylag eredeti arteri okoszisztema megl6t6t jelzik.
Folyoszabalyozasi muvek a mult szizad 6ta szolgaljak az irvetlelmet, biztositjak a jobb
hajozhatdsagot

6s a jegdug6k kialakulasasnak elkeruleset.

A holtagakban es a lefuzodott

medrekben uralkod6 kis aramlasi sebesseg feliszapol6dashoz 6s idoszakos eutrofizilodashoz
vezetett. A fomederben \6vo nagyobb aramlasi sebesseg medermelyulest 6s az aiter talajvfzszintjenek sullyedeset eredmenyezte.

Mindezek kovetkezt6ben

a foly6 eredeti okoldgiai

funkcidi jelento sen csokkentek. Jelenleg a mellekagak es az oldalcsatornik a fl6ra es a fauna
szamos peldanyanak szolgilnak mintegy utolso menedekiil. Ezen nilmeno'en, a gemenci teriileten
foly6 erdeszeti 6s vadaszati teveTcenyseg is kedvez<5tlen hatast gyakorolt a termeszetes arteri
6kosziszt6rnara 6s a kapcsolddd vfzgazdalkodisra. Az iiduleshez kapcsol6d6 teveTcenysegek, mint
a horgaszat, vitorlazas es uszas szinten mind vfzhez kotottek. A folyd 6s a mellekagai menten
szamos nyaralo 6pult. Az iparszenf halaszat azokra a melleMgakra koncentraltfdik, melyek
osszekottetesben vannak a folyoval.
A felsorolt problemak vetettek fel azt a kerdest, hogy mikeppen hozhatok 16tre a gemenci art6r
termeszetes okoszisztemajanak

regeneralasit

6s helyreallftasat eredmenyezd* viszonyok oly

m6don, hogy azok a terulet megmarad6 funkcioit tulzott mert6kben ne befolyasoljak. A kerdes
osszetettsegere es az erintett erdekek kulonbozo'segere val6 tekintettel az a hatarozat szuletett,
hogy a gemenci hullamter helyreallftasara vonatkozoan egy a vfzgazdalkodisra 6sszpontosft6
strategiai elemzes kesziiljon, melynek kereteben megvizsgiljak a terulet rehabilitaciqjanak
kiilonbozo lehetseges modozatait.
A strategiai elemzesben hidrodinamikai 6s vfzminosegi modellek, a gemenci terulet foldrajzi
informaci6s rendszere es egy sor kulonbozo* tudomanyteruletro'l szarmazo szakertdi velemeny
keriilt felhasznalasra. Ez tette lehetdve a kornyezeti es emberi jellegu beavatkozisok kozotti
osszetett

kapcsolatrendszer

megrostilasaban

felderiteset.

A

tervezett

int6zkedesek

donto jelento segfi volt a helyi szak^rtdk reszvetele,

kialakftasaban

6s

tovabba a helyi

erdekkozossegekto'l a vizsgalatok soran szamos alkalommal kapott visszajelzesek. Ezek alapjan
alakultak

ki a rehabilitaci6s elkepzelesek,

melyek tobbs^g^nek

megvitatisira

a multban

mindezideig nem keriilt sor. A alkot6 gondolkodast a gyakorlati lehetd s^gekkel 6s korlatokkal
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tobb cikluson keresztul otvozve es egyeztetve v6giil harom kulonbozo rehabilitacios valtozat
korvonalazodott. Ezeket a valtozatokat megvalosi'thatosagukra

nezve elemzesnek vetettek ala,

merlegelve benne az eterendo' celokat, azok kolts6geit 6s az egyeb erdekekre gyakorolt hatast.
Az I. valtozat javulast hozna a Grebeci, a Rezeti 6s a Moric Duna nevu melleklagakban
kotrassal, valamint a V6n 6s a Kadar Duna mellekagakban

a keresztgatak

nyflasanak

kiszelesftesevel. A II. valtozat egy a regi mellekagak 6sszek6t6s6vel nyert oldalcsatoraa 16tesi't6set
foglalja magaban. Ennek a valtozatnak k6t, hosszban 6s vonalvezet6sben kulonbozo* alvaltozata
keriilt kidolgozasra. A III. valtozat szerint aprilisban, majd ismetelten

majusban 5-7 napon

keresztul vizet vezetn6nek a Siobdl az ait6r kdzelben 16vo, m61yebb fekv6su r6szeibe (Keselyus
t6rs6ge).
Az elvegzett elemz6s eredmenyei azt mutatjak hogy a V6n, a M6ric 6s a Kadar Duna okologiai
helyreallftasa esszeru koltsegen megvalosi'thato

(lc, Id. 6s Ie. valtozatok). A Grebeci Duna

viszonyainak javi'tisa (Ia. valtozat) igen nagy mennyis6gu kotrassal jir 6s ez6rt nem igazan
fgeretes. A Rez6ti Duna hidrol6giai jellemzdibol (lb. valtozat) kifoly61ag tigy tunik, hogy m6g
nagyaranyii kotras sem eredm6nyezne jelent6keny javulast az okologiai viszonyokban.
Annak ellen6re, hogy a Ha. valtozat szerinti hosszu oldalcsatorna eset6n a kotrassal jard kezdeti
kolts6gek viszonylag magasak, a valtozatnak a 16tesftett csatorna hosszabol 6s a fenntartisi
kotrasok alacsony kolts6geibo"l kovetkezd hatekony koltsegfelhasznalasa

m6giscsak kedvezo.

K6vetkez6sk6ppen ez a valtozat is jonak ig6rkezik. A rovid oldalcsatornas lib. valtozat nem tunik
olyannak, amely jelento s javulast hozna az okologiai viszonyokban.
ASi6viz6nek felhasznalasara alapozott III. valtozat atobbi valtozathoz viszonyftvamegleheto'sen
eltero jellegu. E valtozatnak

inkabb a hullamter szarazfoldi okoszisztemijara

mintsem a

mellekagakban 16v6 vizi 61ett6rre lesz hatasa. Kulonosen a talaj vtzhelyzetben val6 javulas latszik
lgeretesnek, mindazonaltal a kerdes tovdbbi, r6szletes tanulmanyozast ig6nyel.
Az egyes valtozatoknak a fomeder 6s a mellekagak hidrologiai 6s morfologiai viszonyaira,
valamint a mellekagak vfzminos6g6re gyakorolt hatasit egydimenzios matematikai modellekkel
becsiiltek. Egyik valtozatnal sem varhato, hogy megvalosi'tasaval a vizgazdalkodassal szemben
tamasztott

olyan kovetelm6nyekkel

hajozasra

vonatkozd

biztonsag,

kapcsolatban, mint a irvfzekre, jegdugo k6pzdd6sre 6s
problemak

keletkeznenek.

Az egyes valtozatokkal

a

vi'zminos6gben el6rheto' javulas kulonbozo* m6rt6ku". Az Ia. (Gr6beci Duna), l c (V6n Duna) 6s
az Id. (Moric Duna) valtozatok adjak valoszinti leg a legjobb eredm6nyt. Az erdogazdalkodasra
gyakorolt hatas - ahogy azt a gemenci korzetre kifejlesztett Foldrajzi Informacios Rendszer
segi'tsegevel kimutattak - korlatozott m6rtekif. Halaszati szempontbdl majd mindegyik valtozat
javulast mutat, mfg az fldul6si lehetds6gek novekszenek.
Altalahos kovetkeztet6sk6nt

levonhat6, hogy egy a teruleten megl6vo, kulonbozo' 6rdekeket

integralo, m61yrehat6 vizgazdalkodasi strategiaval a gemenci hullamter rehabilitalasa val6ban
lehetseges. A Gemencen jelenleg m6g mindig megl6vo jelento s term6szeti 6rt6keket figyelembe
v6ve, a javulasra j6k a lehetd segek es nagy az esely. Gemenc egyben peldak6nt szolgalhatna a
Duna menti, hasonlo jellegu hullamterek rehabilitaciojara.
Bizonyara erdemes lenne az egyes valtozatok legtobbet fgero elemeit egyetlen, a Gemenci
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hullamter meg elviselheto merteku feljeszt6s6t es rehabilitaci6j£t eloiranyzo, integralt inuSzkedesi
tervbe egyesiteni. A vi'zrendszerre vonatkoz6 intezkedeseken rulmeno'en, e terv olyan kapcsol6d6
6rdekteriileteknek

is nyujthatna uj gazdalkodasi leheto s6geket, mint az erdeszet, szirnyasvad-

gazdalkodas 6s az iidul6s. Javaslat szuletett a teruletro'l rendelkez6sre alio ismeretek bovft6set
c61zo, 6s az int6zked6si

tervnek a mindenkori

ig6nyekhez val6 hozziigazftisit elosegfto

megfigyelesi programra.
Az adott feladat strategiai elemz6s jellegu megkozeh'tese szamos szempontbol gyumolcsozonek
mutatkozott.

A vizsgalatokat

v6gzo team mterdiszciplinaris volta, a helyi csoportokkal,

szakertdkkel val6 rendszeres, visszacsatolasos

kapcsolattartas,

6s a szarnft6g6pi eszkozok

alkalmazasa a kfvant eredm6nyek el6r6s6hez mind fontos t6nyez6'nek bizonyultak. Bfzvast
remelheto", hogy ezek az eredm6nyek val<5ban segfteni fogjak a dont6shoz6kat

a Gemenci

Tajvedelmi Korzet megalapozott jovoj6nek biztositasa 6rdek6ben tett erofeszft6seikben.
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Preface
Within the framework of the Memorandum of Understanding (MOU) on Water Affairs a
seminar on river management was held in 1989 at Baja, Hungary. During this seminar die
Gemenc area was visited and initial ideas about a joint cooperation between Hungary and the
Netherlands with Gemenc as a pilot study under the MOU emerged. Since 1989 several studies
on the water quantity, water quality and vegetation of the Gemenc area were carried out
within the framework of the MOU.
Because of the complexity of the problem, and the different interests involved, it was decided
to start the restoration of the Gemenc Floodplain with a Policy Analysis. The advantages of
this policy analysis approach are: an objective description of the problem situation and
possible solutions, insight in the most effective and efficient measures and an unbiased
description of their side-effects. This information should enable the competent authorities to
take a well-based decision on the future of the Gemenc area. The study itself does not decide:
the purpose of policy analysis is to support policy decisions, not to replace the decisionmakers.
The Government of the Netherlands carries out a plan for the restoration of the river Rhine,
with special emphasis on the prevention of pollution and rehabilitation of its floodplains. The
major part of the floodplain of the rivers in the Netherlands are in agricultural use. Plans are
being made to strengthen the natural values of the floodplains by means of habitat restoration
as for instance the revitalization of lateral channels and floodplain forests. Besides its local
relevance, the experience gained in the Gemenc project is therefore of great importance for
the Ministry of Transport, Public Works and Water Management of the Netherlands in its
new approach of river management. For the Hungarian counterparts, gaining experience in
the policy analysis approach of the project forms a major goal beyond the study objectives
itself.
The study is executed by a combination of three institutes, viz. DELFT HYDRAULICS, RIZA
(Institute for Inland Water Management and Waste Water Treatment) and VTTUKI (Research
Centre for Water Resources Development). A list of the team members is given in Annex
A.
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Introduction

1.1

International value of Gemenc
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The Gemenc area is of international value as an example of a European floodplain forest.
Unlike many other floodplains the Gemenc area has not suffered from major dams and
deforestation. The area still has its more or less original morphological habitat structure of
former riverbranches and levees. This morphological diversity combined with the relatively
large size of the area offers ample opportunities for the development of a more diverse
floodplain ecosystem.
The Gemenc floodplain was qualified as an area of national importance and its protection was
declared in 1977 by the president of the National Office for Nature Conservation in his
resolution No. 14 (Zsuffa, 1991). The international value of Gemenc is also acknowledged
in the plans for the establishment of a joint Yugoslav-Hungarian Danube-Drava National Park
(Buzetzky et al., 1991).

1.2

Study objectives

A i m of the project was to carry out a policy analysis for the design of an integrated plan for
the water management of the Gemenc area, including measures that lead to better and
sustainable conditions for natural ecosystem development. Strategies and alternatives to be
taken into consideration for the plan should have a sound basis agreed upon by the parties
and authorities involved. Consequences of the plan alternatives have been described as
impacts on all relevant functions of the area. Impact prediction is based on the morphological
and ecological development of the area.
The present status of the Gemenc area as a Landscape Reserve and the plans for the creation
of a National Park incorporating the Gemenc Forest Landscape Reserve leads to the need for
a critical assessment of the present nature conservation situation and to possible measures
to improve this situation. Increased awareness on environmental matters over the last years
has stimulated new ideas on integrated water management. This development has created a
new perspective for the improvement of the Gemenc area. For this study the main problem
has therefore been defined as: 'How to create proper conditions for rehabilitation and
restoration of the natural ecosystems of the Gemenc floodplain area in such a way that the
remaining Junctions of the area are not affected unduly'.
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General project approach

2.1

The policy analysis approach
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The Gemenc Floodplain Rehabilitation study has been executed as a policy analysis. A i m of
a policy analysis is to prepare and support policy decisions (e.g. Petersen, 1984). This
approach is characterized by an inception phase, a development phase, a selection phase and
a presentation phase (Marchand et al. 1993). In the inception phase the problems are
identified and an initial analysis is made of the cause-effect relationships for the decision
situation. In the development phase possible solutions are formulated which seem feasible
and promising in solving the identified problems. In this phase the modelling tools which are
needed to analyse these promising solutions are also developed and calibrated. The selection
phase comprises the actual analysis and evaluation of possible solutions. Finally during the
presentation phase these selected promising solutions are presented to the decision-makers
and interested parties.
A decision process is not a simple sequence of steps. Inherent to a decision process are factors
causing the decision-makers to return to earlier phases of the decision process. Similarly, the
policy analysis is characterized by the occurrence of cyclic processes: comprehension cycles
to improve the understanding of the problem, and feedback cycles, when solutions fail to
meet minimal standards and new solutions need to be designed or found.
In Figure 2 . 1 a schematic presentation of the policy analysis is given. The elementary phases
are distinguished and the interaction with the decision maker, which is essential throughout
the process is indicated by a bar at the bottom of the scheme.

2.2

The inception phase: problem definition and planning
objectives

In the inception phase distinction has been made between the initial analysis and the set-up
of the approach. The initial analysis led to a problem definition and a set of planning or
rehabilitation objectives. The set-up of the approach included decisions on the kind of models
and systems to be used for the analysis.
At the kick-off meeting on April 23, 1992 in Budapest the general approach of the study was
presented and discussed with the interested parties involved. After this meeting followed a
site-visit to the area and meetings with the District Water Authorities in Szekszard and Baja
and with the Forestry Authority responsible for the Gemenc area. A second site-visit took
place in May 2 7 - 3 1 , 1992, during which ideas and problems were discussed and more data
were collected. The inception phase was completed and resulted in an Inception Report, which
was issued in July 1992 (Marchand & Pedroli, 1992).
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Typical for a policy analysis in which ecological restoration plays an important role is the
formulation of a reference situation. This is the theoretical situation of the nature in 'optima
forma', i.e. without restrictions due to current claims or landuse practices. This theoretical
situation is a purely ecological description and has been used as a reference for the
formulation of rehabilitation objectives which are promising for increasing the nature values
of the area. These rehabilitation objectives are used for the identification of measures in the
development phase and also for comparing the different strategies at the end of the study in
the selection phase (see figure 2.2).
Next to the rehabilitation objectives also the limitations, criteria and boundary conditions have
to be taken into account when evaluating the various alternatives. These aspects have been
acknowledged in the inception phase and worked out in the consecutive phases.
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Schematic presentation of the steps taken in a policy analysis (Marchand et a l . , 1993)
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The development phase: models, measures and alternatives

The development phase comprised two blocks of project activities: data collection and
modelling, and a preliminary analysis of measures and alternatives. The interaction between
the two blocks is cyclic, to emphasize that the analysis has to be tuned to the development
of management strategies. During this phase a set of computational instruments was
developed, which comprised a hydraulic/morphological model, a water quality model, a
vegetation model and a Geographical Information System.
The preliminary analysis included the calibration of models and the screening of different
kinds of measures with respect to effectiveness and feasibility. Finally three characteristic
alternatives were formulated which clearly differ with respect to possible water management
policies. Alternatives are a combination of promising measures, which together are supposed
to be able to fulfil one or more planning objectives.
Feedback from the decision-makers and representatives of interest groups took place in
September 26 - October 2, 1992 during a visit of the project team to Baja. During that visit
discussions were held on the basis of the Inception Report and the formulated alternatives.
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The main concepts of the different alternatives were generally supported, while valuable
remarks and suggestions led to a number of variants for two of the alternatives.

2.4

The selection phase: impact analysis and evaluation.

In the selection phase the effects of the different alternatives have been assessed under certain
scenario and system assumptions. By means of a sensitivity analysis the impact of changing
these assumptions on the results of the analysis has been assessed as well.
The analysis results have been used in three ways. Initial results have led to design
adaptations of the promising alternatives to make them more feasible. For example initial
calculations of the amount of dredging required for the Gre'beci Duna led to adaptations to
the positioning of the inlet location. The preliminary analysis also led to defining the opening
width of the dams in the Ve"n and K2d2r Duna.
The final results were used to assess the impacts on a wide range of criteria, including the
restoration objectives. This assessment resulted in a score-card, by which the scores for each
of the criteria are aggregated to a limited number of scores, one for each of the relevant fields
of interest (such as navigation, forestry, ecology etcetera).
The analysis results have also led to an increased understanding of the functioning of the
various floodplain elements and their interrelations. This made it possible to formulate not
only recommendations for the general water management but also for other management
issues, like recreation and nature management.

2.5

Presentation: achievements of the study.

As it has been noticed earlier, a policy analysis study needs recurrent feedback and interaction
with the decision-makers and other people involved. Due attention to the presentation of the
intermediate and final results is therefore a logical step in this commitment. The final product
covers the following components:
— the present report;
— an executive summary in the form of a brochure (in bilingual Hungarian/English);
— 8 Working Documents, in which all relevant background information concerning data,
methods, assumptions, computations etcetera can be found (see Annex B for a list);
and
— a PC-based demonstration diskette which gives an impression of the approach followed
in the study.
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Description of the Gemenc area and problem
analysis

3.1

Introduction and present situation

The Gemenc Landscape Reserve, established in 1977, is a Danube floodplain area of outstanding natural beauty and important natural resources, but with seriously conflicting
interests. In the Gemenc Floodplain, which is for the largest part under forest, still remnants
of the former natural alluvial hardwood and softwood forests are present. It is an important
game reserve and a unique habitat for several species of wild animals.
Since last century river training works have aimed at flood protection, navigability and
prevention of ice-jams. Lower stream velocity in the abandoned side arms and cut-off bends
have led to siltation and temporary eutrophication of the side arms. Higher stream velocity
in the main channel has led to its deepening and consequently to desiccation of the whole
floodplain area.
Besides, the forestry and hunting practices in the Gemenc area have imposed pressure on the
natural floodplain ecosystems and associated water management. Also recreation and
commercial fisheries play a role in the area (Buzetsky, 1991: Felsd & Papp, 1991; Zsuffa,
1991; Aller et al. 1991).
Ornithological studies of the area revealed that more than 200 species use the area as a
breeding, stop-over or wintering site. Breeding birds as Black Stork (c. 40 pairs), White-tailed
Eagle and Saker Falcon, large foraging groups of Spoonbills on migration, widely dispersed
small flocks of Great White Egret all year round and impressive numbers of wintering Whitetailed Eagles all are indicative for the high ornithological values of the area (Kalocsa, 1993).
The vegetation of the Gemenc floodplain has recently been studied by Rademakers (1990)
and shows a rich variety in composition and structure of alluvial vegetations, although the
impact of forestry and game-stock on the vegetation was emphatic present.
Besides the large numbers of Red Deer and Boar, little quantitative information is available
of other mammals (like Bats and Voles) living in the forest. Species as Badger, Pinemarten
and Wild Cat are found in Gemenc and clearly show also the ecological values from this point
of view. Short herpetofaunistic studies in Hungary in 1992 by Bosman (pers. comm.)
confirmed the richness in numbers and species of especially amphibians (e.g. Tree Frog Hyla
arborea) in forested floodplain ecosystems as was generally stated by Creemers (1991).
Studies of fish and macrofauna along the Danube near Gemenc are limited. The present-day
fish fauna in the Gemenc area is dominated by Cyprinids (Crucian) Carp and Roach.
According to the declining catches of characteristic species as Barb and Sturgeon species by
fishermen in the area, the fish fauna is changing in an ecologically negative direction (Laczay
& Czanyi, 1993).
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The macrofauna community of the side channels is relatively poor due to the siltation
problems in these habitats (Laczay & Czanyi, 1993). There are however still species present
characteristic for riverine habitats (sandbanks, steep, eroding clay, cliffs, snag). Klink (1993)
judges Gemenc as a valuable area which offers good opportunities for restoration of these
typical habitats.
Since the main characteristics of the hydrology of the River Danube at Gemenc are
comparable with the River Rhine in the Netherlands (Schoor & Van Splunder 1992), the study
of fluvial habitats and their functional faunistic composition which are still present in Hungary
but are lacking in the Netherlands can be of great importance for a good realistic view on
future rehabilitation projects along the Rhine.

3.2

Description of the problems

The problems in the Gemenc floodplain can be grouped according to the components of the
hydrological system, such as the main channel (including the lateral channels), the backwaters
(ancient stream beds and oxbows) and the floodplain proper. Besides, there is a number of
related problems which do not directly relate to the hydrological system. In Figure 3.1 the
main problems are presented, which will be described in detail below.
Riverbed degradation:
In the interest of flood control levees were build and meanders were cut-off along large
stretches of the Danube, thus shortening the main waterbed of the river (Figure 4.1). The
higher flow velocities resulted in the accelerated scouring of the main waterbed along the
trained river reaches. Due to this effect the training projects failed to meet the requirements
of navigation. This raised the need of training the mean- and low-water channels as well.
These training works concentrated on the main channel and consisted of the construction of
parallel and transverse structures and of implementing additional cuts. This resulted in the
creation of uniform navigation channels, but induced further scouring as well, especially of
the riverbed, producing not only obstacles to navigation, but also the lowering of the
groundwater table in the floodplain areas (Hajds & Dely, 1992; Buzetsky, 1991).

MAIN C H A N N E L

- riverbed degradation (increased flow velocities due to river training)
- lateral channels (near islands) obstructed
- potentially polluted sediments

BACKWATER SYSTEM

- degraded water quality
- siltation
- habitat loss for fish

FLOODPLAIN PROPER

- groundwater lowering/desiccation of forest
- obstruction of floods by bunds and dykes

RELATED PROBLEMS

- uncontrolled recreational activities
- forestry activities
- excessive game stock

Figure 3.1
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Gemenc floodplain problem analysis
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Long term time series of the lowest annual waterlevels at all the gauging stations between
Dunafoldvar and Mohacs indicate a decreasing trend of about 1.5 - 2.0 cm/year. This
riverbed degradation has been induced by former river training works, as described in the
previous paragraph, and in the last decades by gravel mining activities (Laczay & Csany,
1993; Keve, 1992). For the Danube stretch along Gemenc the indication is that the riverbed
degradation has been less than along other parts of the Danube (see figure 3.2). Hence, for
this study no specific attention has been paid to the lowering of the riverbed.
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Figure 3.2 Lowering of the Danube riverbed near Baja (km 1470-1494) (after Keve, 1992)

Obstruction of lateral channels in the main channel:
In the Gemenc stretch of the Danube, a number of small islands are present, of which Kddar
Island is the major one. The water flow in the lateral channels (such as K4dar Duna and Ve"n
Duna) along these islands is hampered by dam structures.
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Degraded water quality of the backwaters:
The Gemenc area is interwoven by at least 15 former stream beds, which represent five
different water types (Hajds & Dely, 1992; Rademakers, 1990):
1) former riverbeds of the Danube with flowing water at mean river discharge (Gr6beci
Duna (South); Rez&i Duna; Ve"n Duna)(see Figure 3.3);
2) periodically dry stream beds which seasonally carry water at moderate highwater
levels (Ge'breci Duna (North); Keselyfis Duna; Csertai Duna);
3) dry stream beds which receive water only on occasions when the entire floodplain
is inundated (not every year) (Kaposztas Duna; Ny£ki Holt Duna);
4) former stream beds with permanent water, which normally are stagnant, but may be
slowly flowing during floodplain inundation; waterlevel fluctuations are induced by
groundwaterflow and evaporation (Decsi Nagy Holt Duna; Decsi Kis Holt Duna;
Malom teleld; Kaposztas Duna and Szeremlei Duna);
5) isolated former stream beds (and excavated waterbodies) with permanently stagnant
water; waterlevel fluctuations are induced by groundwaterflow and evaporation (Decsi
Kis Holt Duna; Kis Rez&i Duna and Koppany Td).
Occasional water quality measurements in two of the stream beds of the Gemenc area, the
Rez&i and Veh Duna, show that nutrient concentrations (nitrogen and phosphorous) are high,
(above 1 and 0.1 mg/l for total-N and -P, respectively) (Csany et al., 1992). This situation
is comparable to the water quality in the river Danube proper (Varga et al. 1990). These
concentrations evidently lead to eutrophication and the excessive growth of algae in periods
of low flow (Laczay & Csany, 1993). A more detailed analysis of the present water quality
is given in section 7.1.

Siltation of backwaters:
During the past decades many of the stream beds, including the large Rez&i and V6n Duna,
have started to silt up. The inflow of water became more and more restricted. Concurrently
river engineering works were executed, including cutting off of a number of meanders.
Factors involved in the siltation process include: the river training works, the lowering of
the riverbed, occasional filling and natural processes. For the RezeTi Duna, for instance, the
fact that the ratio between the distance between the inlet and the outlet and the branch length
is 4:14 km implies a very small slope, which greatly enhances the settling of sediments from
the Danube. At the moment the relative share of human induced factors related to the ongoing
siltation process is unknown. For another branch, the Ve"n Duna, however, siltation is
obviously caused by the design of a cross-dam at the upstream side. Over-flowing of the dam
only occurs at river discharges exceeding 2300 m /s.
3

In general, the consequence of the siltation is a reduced water flow which may lead to water
quality problems and even periodically drying out of some backwaters. It thus results in a
habitat which is not typical anymore for riverine species.
Restoring the waterflow in these backwaters should not result in changes in the low water
conditions in the main channel and should not decrease the ice carrying capacity of the main
channel. In the interest of international navigation, channel conditions must fulfil the requirements, formulated as the 'proposals' of the International Danube Commission. The modelling
results are used to assess the impacts of the different alternatives with respect to these
requirements (see chapter 7).
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Groundwater lowering/desiccation of forest:
Due to the lowering of the riverbed also groundwater tables are supposed to become lower.
There is some confusion, however, whether or not this has resulted in adverse effects on the
forest vegetation. Richnovsky (1989) reported the disappearance of several aquatic plant
species and the appearance of drought-resistance species (viz. Lamium purpureum, Solidago
virgaurea and Asclepias syriaca) which might indicate desiccation problems. Although at
some places the forests seem to suffer from desiccation, this might be attributable to the fact
that tree species (viz. poplars) are being planted on higher (and drier) grounds where they
would not occur under natural circumstances. There might also be a possibility that the
planting of poplars has induced a certain lowering of the groundwater table. Other possible
activities influencing the groundwater table, such as groundwater extraction for human
purposes and drainage activities are currently not taking place. Unfortunately, time series of
groundwater levels are largely lacking. The team of professor Zsuffa of the M . Pollack
Technical High School, however, has designed and implemented a monitoring scheme, the
results of which may become available soon.

Obstruction of floods:
The construction of floodcontrol dykes, roads and the railway hampers the free flow of water
during inundation. Some parts of the floodplain thus became isolated and at other parts the
flooding frequency has changed.

Uncontrolled recreational activities:
Recreational activities in the past 20 years have led to uncontrolled and often illegal building
of weekend-cottages. Centres of activities are on the left bank, but also along the Rez&i and
opposite of Baja on the right bank summer-cottages have been build. From an ecological point
of view the problems related to these areas are mostly local (disturbance along the access
road, small motorboat vessels, rubbish dumping, wastewater discharge, landscape aestethics
degradation). Further expansion of these resorts has been stopped by the competent
authorities, but a satisfactory improvement of the situation has not been reached yet.
From the viewpoint of nature conservation, angling has reached an intensity where it threatens
the ecology. No less than 2500 to 3500 angling licences have been released for the area.
Disturbance due to motorized access to angling sites and the littering at these sites call for
stricter supervision and regulation (Buzetzky, 1991).

Forestry

activities:

From an ecological point of view, forestry activities with purely productive objectives have
quite a number of negative impacts. Most evidently, the replacement of natural forest cover
with monocultures of poplars and other fast-growing trees, causes a major decrease of the
ecological value. Tree species diversity has gone down, inducing a reduction of animal habitat
diversity. In addition the age distribution of the forest became also unfavourable. 20 year old
stock is dominating, while 80-90 year old forest parts became rare (Buzetzky, 1991). Hence,
old and large trees are no longer common, which reduces nesting and resting opportunities
for birds like the Black Stork and White-tailed Eagle, and for cavity-dwelling birds and bats
(Kalocsa, 1993, Zoltan, 1992).
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Furthermore, the forestry activities like cutting and transportation cause disturbance. The
infrastructure needed for the transport (roads and dams) hampers the flow of inundation
water. And finally the fences around newly planted plots form an artificial barrier for animals
like Deer and others.

Excessive game stock:
Presently, game stock (Red Deer, Wild Boar etcetera) has reached levels which seem to
exceed the carrying capacity of the Gemenc forest. The Red Deer of the Gemenc forest is
a natural component of the floodplain ecosystem, but, due to game management practices
and changes in the forest ecosystem, there is currently a situation of serious overpopulation
(Buzetzky, 1991, Pettkd-Szandtner, 1990). Natural densities of Red Deer can only be estimated. For the nineteenth century densities of 0.5-2/km are given, but afterwards densities
in the German Alps and in Austria increased to 2-6/km (review in Nietkammer & Krapp
1986). In the Gemenc area however, density is as high as 23-35/km . The effect of the high
wildlife density is clearly visible from the lack of natural forest rejuvenation at many places.
2

2

2

3.3

Description of the institutional situation

3.3.1

Nature Conservation Administration

The Gemenc floodplain is one of the 36 Landscape Protection Areas in Hungary. Landscape
Protection Areas serve to protect the most characteristic features of selected areas, aiming
to maintain the balance between natural values and economic activities. In general,
construction and mining activities and most industrial enterprises are restricted. Economic
activities are allowed only to the extent that they maintain the quality and unique
characteristics of the landscape (Rakonczay, 1989). On a national level, nature conservation
is the duty of the Ministry of Environmental Protection and Regional Policy. The operational
and authority right for the Gemenc Landscape Protection Area (GLPA) was given by the
Minister of Environmental Protection to the South-Transdanubian
Nature Conservation
Inspectorate in 1990.

3.3.2

Adminstration of the Forestry and Wildlife Management activities

The Gemenc forest is owned and operated by the State through State Companies. On a
national level the Forestry is administered under the Agricultural Ministry. The Ministry has
a Forestry Head Department, locally represented by the Forest Planning Offices. The Gemenc
forest belongs to the Forest Planning Office of Pics. This Planning Office produces Forestry
Plans for Gemenc, which contains the present composition, ages and sizes of trees in every
forest unit. It also prescribes the character of the forestry activities for each forestry unit.
There are two kinds of functions: nature conservation and wood production. According to
the Forestry Plan for Gemenc, over 80 % of the forest is allocated for wood production, 15%
for nature conservation and 3% for other purposes (see figure 3.4). The Forestry Plan should
be in accordance with the Landscape Protection Status of Gemenc, as controlled by the SouthTransdanubian Nature Conservation Inspectorate.
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Since in the past these regulations have not been observed very strictly, some of the nature
conservation parcels of 1977 have been cut anyway.
Therefore, in Figure 3.5 also a new proposal ("Proposed nature protection 1992") is
indicated, based on actual values interpreted from aerial photography by the Nature
Conservation Inspectorate.
Forestry activities are controlled by the Forest Inspectorate of Pics, as a prime authority,
but they need the consent of the South-Transdanubian Nature Conservation Inspectorate. The
economic utilization of the Gemenc forest, as a state property, is done by the Gemenc State
Forest and Wildlife Estate (GFWE), a state company, GFWE is divided into two functional units:
the Forestry and the Wildlife Management. The forestry activities are carried out by 15
Forestry Production Units under a central management.
The forestry has a management staff of 250, including 63 forestry, mechanical and
agricultural engineers and economists, and 1600 production workers, half of them working
outside Gemenc (Papp, 1990, in Zsuffa, 1991).
The wildlife management and hunting activities cover the complete Estate, GFWE provides
accommodation in one of the 9 hunting lodges and is responsible for food supply to the game
in wintertime, fences etcetera. The main game animals are Red Deer and Wild Boar.

3-8
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Administration of the Water Management

As the Danube water travels across a number of international boundaries, the need for
bilateral or multilateral effort for coordinated action on water management plans is clear.
Already in 1955, Hungary and Yugoslavia founded the Hungarian-Yugoslavian
Water
Management Committee (HYWC, Zsuffa, 1991). The river reach between Dunafoldvar and
Vukovar (Yu) was declared as a Danube reach with common interest. According to the
resolution of the HYWC, the river regulation and flood control activities in this reach are
executed on the basis of coordinated plans.
On a national level the water management of the Danube is administered by the Ministry for
Transport, Communication and Water. The operative direction and official duties of the water
management are performed by the National Water Authority (OVF) and its regional bodies
under the minister's control. Regional management is executed by 12 water authorities. The
Gemenc floodplain is administratively divided in the Lower Danube Valley District Water
Authority (headquarters: Baja) and the Central Transdanubian District Water Authority
(headquarters: Sz6kesfeh6rvar). The floodcontrol dike system on the left bank, the Danube
itself, the Rez&i backwater and the Grebeci backwater belong to the sphere of operation of
the Lower Danubian DWA. The dike system on the right bank as well as the lakes and
backwaters close to this dike system are controlled by the Central Transdanubian DWA.

3.3.4

Other authorities involved in the Gemenc area

The Lower Danube Valley Environmental Protection Authority is in charge of the
measurements of the water quality in the Danube reach. However, the responsibility of the
water quality management is at the regional water authorities.
Local Governments have a major role in the planning and control of the recreational facilities.
The local Government of Baja for instance issues the building permits and finances the
infrastructural investments.
In 1991 a Coordination Committee was founded to ensure the survival, protection and the
utilization of the Gemenc floodplain. It co-ordinates the activities of the different organizations
and is a platform for public participation. The members of the committee are representatives
of the following authorities and interest groups:
— Local Government of Szekszard
— Local Government of Baja
— South Transdanubian Nature Conservation Authority
— Central Transdanubian DWA
— Lower Danube Valley DWA
— Central Transdanubian Environmental Protection Inspectorate
— Lower Danube Valley Environmental Protection Inspectorate
— Gemenc State Forest and Wildlife Estate
— Angler Club of Baja
— 'New Life' Fishery co-operative
— Town Protection Organization of Baja
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— Forestry University of Sopron
— ' M . Pollack' Polytechnic Institute of Water Management, Baja.
Although the coordination Committee is still in function, there have not been any meetings
recently. It should be investigated in which way this Committee can be revitalized. For the
Rehabilitation of Gemenc it could serve as a major public body for exchange of ideas and
public participation.

3.4

Description of the socio-economic situation

3.4.1

Number of people living in the area and employment figures

In the towns and villages around Gemenc about 114,000 people are living. Baja and Szekszard
are small towns each with about 45,000 inhabitants. The villages in the area (Bftmonostor,
BSta, Porboly, Bogyiszld, Sukosd and ErsekcsanSd) are small with only a few thousand
inhabitants. The population in the area is about stable.
Labour forces amount to about 69,000, of which 14% is unemployed. Only a minor part of
about 1,100 workers is dependant on activities more or less related to the Gemenc floodplain.
It comprises:
•
•
•

3.4.2

forestry, including hunting. The total employment figure is over 1,600, but the area
outside the Gemenc floodplain accounts for about half of that.
tourism. The employment figure is estimated at about 200 men and women.
fisheries. About 60 fishermen use the Danube and its side arms for fishing. Nine of
them are active in the Gemenc floodplain.

Economic importance of activities

Navigation
Apart from the above mentioned (economic) activities navigation is involved in water and
land management of the Gemenc floodplain. Currently about 20,000 ships with a cargo of
in total 8 - 1 0 million tons pass the Danube at Gemenc. Mainly iron ore, coal, coke and steel
products are shipped in pushed and towed vessels. Also wood and wood products are
transported by ship from the Gemenc floodplain. At present about 5% of the national
transport takes place at the Gemenc section of the Danube. It is expected that navigation will
grow in future due to the economic development in Eastern Europe and due to the
construction of the Rhine-Main-Danube canal. In the Gemenc section of the Danube a more
than average growth is wanted. The aim is to achieve 10% of the whole transport. Except
for the forestry company the area itself hardly will benefit from this growth.
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In dry periods the depth in the Gemenc section of the Danube is very low. However, north
and upstream of the Gemenc section the depth is 50 cm less, so that in practice the depth in
the Gemenc section will not restrict shipping. If the water depth north of the Gemenc section
is increased, the Gemenc section becomes the limiting factor in shipping. Plans already exists
to improve the conditions for shipping in the Gemenc section by making a shipping lane
(construction of groins). This may lead to an increased depth thereby possibly reducing
navigation problems in dry periods. However, nowadays funds are lacking.

Forestry
The economic utilization of the Gemenc forest is done by the Gemenc State Forest and
Wildlife Estate (see section 3.3.2). The Estate carries out intensive silviculture, producing
an annual quota of 230,000 m . 185,000 m of this is produced by clear cutting of 650 ha.
It is required to reforest 600 ha a year, of which 150-180 ha is reforested in a vegetative way
(root-offset). The rest is artificially reforested. The samplings are produced in four large
nurseries. About 20 ha is reforested annually in a natural way with the help of seeds of oaks
and ashes. This state company not only exploits the Gemenc forest but also forests in
neighbouring areas. The production in the Gemenc area accounts for about half of the total
production figure of the company. In making estimates it is assumed that the Gemenc
floodplain accounts for about half of the production, costs and sales of the company.
3

3

National forestry accounts for 4.8% of the Gross National Product. The production in the
Gemenc forest amounts to 2.1% of the national figure for forestry. In the Gemenc area
mainly Poplars (26%), Locust (20%), Oaks and Pines (each 11 %) are grown. The production
of wood in Gemenc is estimated at 100,000 m per year. Most of the wood is sold directly,
a minor part is used in the factory at Gemenc for producing saw goods, logs, saw dust,
parquet, etcetera. The factory accounts for about 10% of the sales value. About 11% of the
forestry products is transported by ship, the remainder is transported over land.
3

The total sales value of forestry in Gemenc accrues to 430 million Ft, of which about 50%
due to export. Gross profits amount to 10% of the sales.
Forestry in Gemenc is sensitive to groundwater levels in the area. Especially the yield of
Poplars is affected as these trees need relatively large amounts of water. Since 1900 the
groundwater level in the Gemenc floodplain dropped by 1.50 m. Nowadays floods are less
frequent and are generally shorter than in the beginning of the century. In planning forestry
must anticipate on the expected water level. If water levels drop further and will remain low
less water sensitive trees like oaks have to be grown.
Life times (cycle times) are relatively short for Poplars (about 40 years). The life times of
trees demanding less water like Oaks are much longer (about 100 years). But prices of Oak
wood are about 3 to 5 times higher than for Poplar wood. So replacing Poplars by Oaks on
a large scale will result in a substantial drop in financial yield during some decades. After
that, financial yield will grow again and become about equal in the end.
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Nature conservation authorities in Gemenc and Hungary want to increase the nature value
of the Gemenc forest. That means that commercial forestry (monocultures) probably will be
restricted more and more. More natural forests with different kind of trees are desired. Also
selective cutting should be applied instead of clear cutting of a whole area. As a result net
financial yields may decrease.

Hunting
Hunting of deer and wild boar is a special feature of the Gemenc floodplain. The area is
renowned for its hunting grounds. The game stock of several thousands of Red Deer presents
a unique hunting environment which attracts mainly foreigners. Hunting and game
management is in the hands of the forestry company, except for the hunting permits. A
company in Budapest called MAVAD (Magyar Vadkereskedelmi Szovetseg, the National Game
Trading Society) arranges the visits to Gemenc and issues the permits. Yearly about 3000
to 4000 permits are issued at a price of about 4000 Ft., making a total value of about 12 tot
16 million Ft/year.
About 40-60% of the hunting in the area controlled by the forest company is done in the
Gemenc floodplain area. Just like for forestry in making estimates it is assumed that the
Gemenc floodplain accounts for about half of the costs and benefits of hunting. Cost items
include food supply in winter time, damage to agriculture in the surrounding area to be
repaid, damage to forestry and costs of making fences (to prevent new tree plantation to be
eaten by the deer). Total costs including taxes in 1992 are estimated at 56 million Ft. The
forestry company earns money by selling game meat and antlers and by renting lodges. The
earnings amounted to 68 million Ft in 1992 making a net profit of 12 million Ft (18%).
Foreigners contribute strongly to the hunting earnings with a share of nearly about 70%.
The growth of vegetation in Gemenc as food supply for the deer is dependent on groundwater
levels. Due to desiccation of the area this growth decreased. As a result the forestry company
has to supply additional food. Also it may lead to increased agricultural damages in the
surrounding areas.
The stock of deer in Gemenc is estimated at 3200 animals, which is above the level that
nature can sustain. Besides Deer also about 800 Wild Boars, 600 Hares and 5000 Pheasants
are present. The overpopulation of Deer at present results in damages to forestry and
agriculture. Reducing the Deer stock might prove to be economically more profitable.

Recreation and tourism
At three locations in the Gemenc floodplain (Ve'n Duna bank, Ersekcsandd 1, and Ersekcsandd
2) in total 462 summer houses had been built representing a total value of about 160 million
Ft. The tenants (all Hungarian living around Gemenc) pay yearly about 1.1 million Ft for
rent to the authorities (District Water Authority and towns). This rent will be increased
strongly in the near future (for the V6n Duna bank threefold).
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At present waste water produced in the summer houses is not treated. The waste water is
discharged directly into the Danube or it passes a septic tank. In case of flooding the septic
tanks will flow over causing pollution of the river.
Part of the houses were built illegally. The three areas mentioned above will be authorized
but a number of surplus houses will be removed. For the people that have to leave new places
will be created outside Gemenc.
Recreation activities in and near the borders of the Danube encompass:
•
swimming;
• boating;
•
canoeing and rowing;
• angling;
•
walking around and excursions with carriage and pair.
Recreation in the area is still quite extensive. Only angling is done frequently. Not less than
3500 angling permits have been released for the Gemenc area (2500 in Baja and 1000 in
Szekszard). The permits cost 900 Ft in Szekszard and 2200 Ft in Baja. The fish catches by
the anglers have to be registered at the offices in Baja and Szekszard where the permits can
be obtained.
In Holt Sid anglers catch yearly about 12 to 14 tons of fish. The fish catch may be valued
at about 55 Ft/kg representing a total value of about 0.7 million Ft. Of the Duna oxbows only
the lower 2 km of the Rez&i branch is used for angling. The yearly catch in this branch is
estimated at 1 to 1.5 ton, representing a total value of about 0.06 to 0.08 million Ft.
The number of registered overnight stays at Baja and Szekszard amounts to 125,000 a year,
of which 60 - 70% by foreigners. Most of them stay for only one night. A few stay for two
weeks or more. On the island at the south side of Baja new recreation facilities will be built
especially to attract foreigners. Tourists that are interested in Gemenc can make a trip by
railway into the area in the period May-September. Yearly about 4,000 visits are made to
Gemenc in this way at a price of 300 Ft per person. The benefits (1.2 million Ft/year) accrue
to the forestry company, that exploits the railway.
Touristic development of the Gemenc and the surrounding area certainly is possible. Due to
the uniqueness of the area, the beautiful landscape and the high natural values, recreation and
tourism might increase. But to realize that it must be made possible to make (controlled and
restricted) visits to Gemenc. As tourists currently are not allowed to enter the Gemenc area
(except by train) the natural beauty of the area cannot be used in advertising to promote
tourism. The whole area could benefit from this as it will give a strong impulse to economic
development.
The past has proven that people are interested. E . g . more then ten years ago a ship-owner
made trips for tourists into the waters in the Gemenc area. Later on the ship was no longer
allowed to enter the area and the trips came to an end as tourists were not interested in
making trips only on the Danube.
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Fisheries
Commercial fishery is allowed in Gemenc. In Tapldsi Holt Sid a dipping net (drag-net) is
used for fishing. The total fish catch in this area is estimated at 30 to 40 tons a year with a
sales value of about 2.5 to 3.4 million Ft. The costs of this intensive fishing technique amount
to about 74 Ft/kg including taxes, development costs, etcetera, leaving a net profit of about
0.3 to 0.4 million Ft a year.
In the Duna oxbows nine fishermen are active during 7-8 months a year. The major part of
the fishing (about 70%) is done with a bottom net (a round long net fixed to the bottom
providing a one way entrance to fish). The costs of this fishing technique is estimated at 20
to 22 Ft/kg including taxes. Dipping nets are used for the other 30%. The yearly fish catch
in the oxbows is estimated at 20 tons with a sales value of about 1.7 million Ft. According
to the cost figures the net profits will amount to about 1 million Ft/year.
The presence of side arms and flow velocities in these arms have influence on fisheries, as
the entrance of side arms are attractive fishing places, access to these sites is easy, and
improving water flow in side arms may increase and also diversity fish stocks.

Agriculture and cattle breeding
In the Gemenc area on a few locations food crops are grown and harvested as food for the
game animals. In wintertime when food supply for the animals is short this food is
supplemented. The costs (and benefits) of this activity already are accounted for under
hunting.
A few cows and domestic pigs are present in the Gemenc area for the hunters (near the
hunting lodges). The costs and benefits already are accounted for under hunting. The
economic value is small. This cattle breeding will be ended for nature conservation reasons.
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4

Rehabilitation objectives and planning criteria

4.1

Introduction

One of the central tasks in a rehabilitation plan is the formulation of the planning or
rehabilitation objectives. These objectives should reflect the wishes of the different interests
involved and should be formulated in such a way that they can be fulfilled within a reasonable
time span and with reasonable costs. One of the interests involved is ecological preservation
and restoration, which formed the major trigger for executing the Rehabilitation Study.
Defining the objectives from the viewpoint of ecology should be based on explicitly
formulated criteria determining ecological quality.
Ecological quality, or in other words the nature value of the Gemenc floodplain, can be determined by using the following four basic criteria: integrity, representativeness, diversity and
rarity (Richlefs et al., 1984; Hoekstra, 1992), which will be briefly described below in
relation to the area.

Integrity:
A n area which is unmodified by human influence is more natural than where human activities
are or have been present. Increasing the intensity of human activities (either intended
management or unintended negative influences such as disturbance or pollution) within an
area reduces the integrity or naturalness. Presently, the integrity of the Gemenc area is
influenced by a range of human interventions, like river training, water pollution, forestry
activities and game management.

Representativeness:
The position of the area within a larger geographical setting determines which ecosystems
are typical for that setting. The Gemenc floodplain is situated in the middle reaches of the
Danube riverbasin close to the main river. Hence, floodplain forests are more representative
than a vegetation which is characteristic for the river delta or for the upper mountain area.
Note that this criterion does not imply that ecosystems which are in some way unusual or
unique are more valuable than typical and ordinary habitats and communities which occur
commonly or widespread. In the Gemenc Floodplain still most of the typical floodplain ecosystems can be found, although some of them in a degrading state (e.g. the side channels).

Diversity:
Diversity in terms of species and biological communities is crucial for the ecological stability
and functioning (Goodman, 1975; H i l l , 1987). It depends to a large extent on the habitat
diversity of an area and the number of different types of communities. Diversity in the
Gemenc area has been reduced substantially over the past 100 years. River training works
and the siltation of the side-channels have reduced the number of different types of
waterbodies. Especially slowly streaming channels and the occurrence of eroding clay banks
and shallow banks have been reduced. This has negatively influenced the living conditions
of organisms like macro-vertebrates and fish.

delft hydraulics/rws-riza/vituki

4 - 1

Main Report

Floodplain Rehabilitation Gemenc

Forestry lead to predominance of poplar plantations of one age class, and wildlife
management to overpopulation of Red Deer, both influencing diversity seriously. From a
recent study in the Szigetkdz area it has been found that poplar plantations are relatively poor
in bird species and numbers in comparison to natural willow and oak forests (Zoltan, 1992).

Rarity:
The occurrence of rare species or ecosystems is usually highly valued. In some instances rare
species occurrence is a major reason for taking protection measures or executing a specific
management for an area. The Gemenc area still has a large number of species which, on a
national or international scale, are considered relatively rare. Examples are the Black Stork,
the White-tailed Eagle, Night Heron, Great White Eagle, Wild Cat and probably the Otter.
Other species normally occurring in these habitats are still lacking, as for instance Sturgeon
(Tdth, 1973; Pinter, 1991; Stamenkovic, 1991).
To identify the opportunities for and the direction of the development towards a high
ecological quality for the Gemenc area, it is necessary to define an ecological reference. This
is the theoretical situation of the nature in 'optima forma', i.e. without restrictions due to
current claims or landuse practices. Based on this ecological reference the desired level of
integrity, representativeness, diversity and rarity can be described. This description has been
used as a reference for the formulation of rehabilitation objectives, i.e. realistic and promising
objectives for increasing the ecological value of the area. These rehabilitation objectives are
used for the identification of measures (see chapter 5) and finally for comparing the different
alternatives (see chapter 7).

4.2

The ecological reference

River dynamics:
A major feature of floodplain ecosystems is the dynamics in the abiotic parameters. Seasonal
inundations are a major driving force to all kinds of geomorphological and ecological
processes, such as sedimentation, growth and decay. Less frequently occurring ice jams on
the river and its side arms may have a pronounced effect on the vegetation, leading to
rejuvenation of forests. River scouring causes erosion and river meandering, leading to a
moving pattern of river bends and side arms changing the river course completely within
centuries.
River dynamics can be divided into hydro-dynamic and morpho-dynamic factors (Knaapen
& Rademakers, 1990). Hydro-dynamic factors relate to hydraulic factors such as flow
velocities, discharges and waterlevels. Morpho-dynamic factors are related to the hydraulic
regime and include processes like erosion and sedimentation.
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In the far past, the Gemenc area must have been situated in the meandering range of the
Danube river plain. This means that the sediments were mainly in the form of suspended load
(Keller & Brookes, 1983), which can also be expected after 200 km of lowland. A l l over the
surrounding area, remnants of former meander bends can be recognized in the landscape,
some of them reclaimed, others still filled with water and marshland. Flooding occurred to
a limited extent, influencing uninhabited areas only. Probably the whole area was in use as
a mixed pattern of floodplain forests and meadows, comparable to the situation described for
the river Rhine before 1830 (lit).
A complete description of the reference situation is, due to a shortage of historical data, not
possible. Here, an impression of that situation is given through a citation from the work of
the Gemenc traveller A . E . Brehm of 1866, 'Fiinfzehn Tage auf der Donau' (cited by
Buzetsky, 1991 and translated from Hungarian into English by P. Bakonyi):
'...flowing over wide unrestricted plains, flooded at high flows, the Danube forks into
innumerable branches. Exuberant forest covers the banks and the islands and dense bank line
bushes prevent the sight into the wetland beyond the main channel, which later extends for
miles towards the horizon... Willow trees, Ash, Black Poplar, Elm and Oak trees can be found
in the forest, the former being more abundant than the latter. Vegetation on the levees mostly
consists of Willow trees, with some old trees emerging above the lower ones. Deep within
the forest, extending far into the plains, giant White and Black Poplar trees rise their crown
over the rest of the forest. Gnarled old oak trees raise their wide spreading branches towards
the sky. A single sight can identify all stages of tree life, from the sprouting buds of Willow
trees to the decaying giants... There is almost no access to this forest as it is nothing else than
a vast marshland.'
Organized water regulation activities started in 1810 with the foundation of the first
Hungarian water regulation association (Buzetzky, 1991). The first cut-offs were
accomplished south in the period 1820 - 1850. With these interventions the river reach
between Paks (70 km to the north of Baja) and B4ta has been shortened by 63 km and the
increased slope significantly accelerated the passing of flood waves. The river Sarvfz,
combined with the river Sid, was diverted to discharge directly into the Danube to the north
of Keselyus, instead of continuing 30 km further south to B&a (Hajds & Dely, 1992). Dikes
were constructed, later developed into an integrated flood control system in the 1870's
primarily with the purpose to increase the value of the land by safeguarding it from flooding.
After that date also flood disasters occurred because of the occupation of lands actually
needed for the floodplain (Buzetzky, 1991). In Figure 4.1, an overview is given of the
regulation measures in the past. In Figure 4.2 a part of the Gemenc area is depicted at the
time of the last great reconstructions in the beginning of this century. Fortunately, attempts
to provide the right bank of the Danube with flood protection failed, thus preserving the last
natural large floodplain forest, which is today's Gemenc Landscape Protection Area
(Buzetzky, 1991).
The overall result of river training is that the former most important property of the river,
its dynamic regime, has been changed drastically. The river channel deepened and subsided.
Along with this process, the mean water level has lowered as well with more than one meter
(Keve, 1992). Following these changes, the groundwater regime of the floodplain changed
also, altering the structure of the vegetation of the area (Lehmann, 1991, cited by Buzetzky,
1991).
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In general floodplains can occur in three phases (Wdsendorfer, 1991):
— the virgin state: a floodplain ecosystem without any significant human interference.
— the old streams landscape: characterized by the deterioration of side arms in favour
of the main river stream, as a function of river training works.
— the completely regulated river: maximal control over the river discharge by a chain
of storage dams in the main river system.
One may conclude that the Gemenc area is presently in the second phase, with upstream
barrages having only a minor effect on the floodplain.
For a number of reasons it is impossible to turn the Gemenc area back into its virgin state
of several centuries ago. Navigation and flood protection demands have to be met now and
in the future. Nevertheless, it is important to analyze what can be restored within the
boundary conditions of these and other interests.
One of the most promising features of the Gemenc area is the rehabilitation of the side arms
and lateral channels. A n increase of the hydro-dynamics of the side arms (i.e. increasing their
discharge and the flow velocity of the water) leads to morphological processes such as local
bank erosion and sedimentation. Thus the banks of the side arms will have a more
pronounced diversity of alternating shallow areas (sandflats) and steep (clay) banks.
Sandflats are an important habitat for specific macro-invertebrates. On shallow parts of
sandflats benthic algae are present which are a favourite food source for grazing macrofauna,
like the larvae of the characteristic midge Lipiniella arenicola. This kind of habitat was once
common along the river Rhine (Klink, 1991) and probably also along the Danube, before
the river training works started. Sandflats also form an important spawning habitat for
riverine fish like Sturgeon.
Clay banks which are being eroded by the river form small cliffs and ridges and thus create
opportunities for burrowing animals, like the mayfly Palingenia longicauda, which has
become extinct in the whole Danube river around 1970. This species digs holes in the clay,
from where it filters material from the water column. A permanent waterflow is essential for
continuous supply of food and oxygen (see Klink, 1993).
Steep banks above the water surface form an ideal breeding biotope for birds like Kingfishers
and Sand Martins. Bank erosion leads to undermining of trees which ultimately fall into the
water. This increases the occurrence of 'snag' in the water. The presence of snag (parts of
dead trees which have fallen in the water) creates opportunities for the settlement of many
macro-invertebrates, like Black Flies Simuliidae. These macro-invertebrates play an important
role in the ecosystem as they filter the phytoplankton from the water and form a food resource
for fish and amphibians (Klink, 1991).
Riverbed degradation has led to lower groundwater levels on the floodplain. If by any kind
of measure the original levels could be restored, this would be beneficial for the floodplain
vegetation. Desiccation of forests could be counteracted and in local depressions a typical
marshy wetland vegetation could develop.
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Figure 4.1
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River training works near the Rezeti Duna (part of a map published around 1900)
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Biotic processes:
Also biotic processes lead to ecosystem dynamics and spatial diversity. Foodweb interactions
like production, consumption and decomposition are important regulators of plant and animal
populations. The extinction of certain species, like top-predators will create an imbalance of
the population dynamics, leading to an overpopulation of herbivores and excessive damage
to the vegetation. The present high numbers of Deer in the Gemenc area are a clear example
of this phenomenon.
Vegetation succession is another important process in the ecosystems. Due to inter-specific
interactions between tree species the floral composition of a forest is changing over time. Fast
growing trees may rapidly colonize open spaces and create opportunities for trees that favour
a less dynamic environment. Ultimately these latter trees may outcompete the first colonizers
by shading and competition over space.
River dynamics may counteract the process of succession by high floods in the growing
season, erosion processes or e.g. the damage of ice to forests. In this way the whole area
will retain a diversified complex of habitats, which would otherwise be dominated by a climax
vegetation. The alternating succession and river dynamics processes also lead to a diversity
in age composition of the tree communities. Age-old Oaks and Poplars rising above the
canopy are favourite resting and nesting places of the Black Stork and birds of prey like the
White tailed Eagle.

Habitats and species:
Our visual image of a floodplain ecosystem is formed by patterns on various scales (see e.g.
Felsd & Papp, 1991). On the landscape level we see a mosaic of water bodies, forests, open
grasslands, dikes, roads etcetera. Within each landscape element we find a variety of species,
some of them dominating in number, others less abundant, but nevertheless typical for that
landscape element. Hence, a description of the typical floodplain ecosystem patterns which
can be used as a reference should be based on a list of typical floodplain habitats, like
hardwood forests and river banks and a list of dominant and typical floodplain species. Next
to this list also quantitative information is relevant. In a well balanced floodplain ecosystem
all elements are present in a certain ratio to each other. For example, if the area is dominated
by softwood forests which leaves only marginal space for the other communities, we may
well assume that there is something wrong.
For the Gemenc area a list of typical habitat types has been made (Table 4.1). Based on
experience from other related floodplain ecosystems (Wendelberger, 1973; Margl, 1973;
Hiigin, 1980; Karpfti, 1991; Lazowski & Ldffler, 1991) and on the physical conditions
(flooding and geomorphology) an estimation of the relative surface proportion potentially
occupied by each habitat type is given as a reference. Thus the reference situation should be
interpreted as a potential vegetation pattern based on the current inundation pattern (Figure
4.3) and geomorphology of the area (Figure 4.4). The present values are deduced from the
1991 Gemenc forestry database supplied by the Forest Management and Planning Service,
Budapest.
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Habitat

Hardwood floodplain forest

reference

Forestry database

value "

selections

6430 ha

Quercus robur with

present value

1270 ha

> 10% abundancy
Poplar/Willow floodplain forest

2670 ha

Populus sp. with Q.

5030 ha

robur < 10%
Poplar/Willow or Willow monostand

1020 ha

abundancy

660 ha

Salix alba older than 10

floodplain forest
Willow floodplain forest

2770 ha

years, without Q. robur

Mixed rough herbage

280 ha

Willow dead arm vegetation

370 ha

Willow dead arm vegetation and/or

180 ha

or P. sp.

reedland
Young willow vegetation or pioneer

610 ha

vegetation or no vegetation

Salix alba older than 10

1960 ha

years, without Q. robur
or P. sp.

Carex riparia or pioneer vegetation

320 ha

Water vegetation

520 ha

Main channel

2490 ha

Sandbanks in river and side-channels

abundant

rapidly
decreasing

Eroding clay banks

abundant

fragmentary

Aquatic habitats - standing or slow

abundant

rapidly

flowing waters (incl. snag)

decreasing

Aquatic habitats -

abundant in

abundant in

fast flowing waters

main

main stream

stream

:

on the basis of the inundation pattern and on the current geomorphological situation the 'potential
vegetation' is given here (see also Figure 4.4).

Table 4.1
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Map of inundation duration classes, based on extrapolation from modelled water levels
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Hardwood
forest

floodplain

Poplar-Willo w
floodplain f o r e s t
Poplar-Willow o r
Willow-Monostand
Willow f l o o d p l a i n
forest
Mixed r o u g h
hebage
Willow d e a d - a r n
vegetation
Willow d e a d - a r M
vegetation a n d / o r
reedland
Voung Willow o r
pioneer or
no v e g e t a t i o n
Carex riparia or
pioneer vegetation
Water
Main

Figure 4.4
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Although not for all vegetation types a present value can be calculated, the forestry database
selections do give a preliminary idea of the present situation. It is clear that the current area
of hardwood forests with Oak is far less than can be deduced from the potential vegetation
map (1270 ha instead of 6430 ha). On the other hand, the current values for parcels with
Poplar are higher than can be expected on the basis of the potential vegetation map (5030
ha instead of 3690 ha). Also the area of mature Willow forest is higher than the reference
value (2770 ha instead of 1210 ha).
On the basis of the difference between the reference and present values one may conclude
that the Gemenc area is dominated to a great extent by non-natural hardwood and poplar
forests to the detriment of habitats such as forests with Oak, reedland and other wetland
habitat. Also the sandflats and slow flowing waters seem currently to be less represented than
in the reference situation, as was concluded earlier.
On the basis of the ecological knowledge of the Gemenc area a list of typical floodplain flora
and fauna has been made. This list (Table 4.2) is not exhaustive, and only indicative for a
true floodplain ecosystem. In the framework of this study no effort has been made to make
a full list based on explicit criteria. The main reason was the very limited amount of
information on the present and past occurrence of species. Instead, a limited list of species
was made which could serve as a first indication for the reference situation. The species on
the list can be seen as indicators or representatives for a number of other species or
communities. Ultimately, this list could be extended by including more representative species
so as to enhance the coverage of species or communities represented.
Enhancement of the occurrence of these floodplain species is of course directly related to the
presence of suitable habitats. Although this is a necessary condition, it is not always
sufficient. The return of species which are no longer present also depends on a number of
other factors, such as the water quality, the level of human disturbance and the colonizing
capacity of the species.
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Floodplain Rehabilitation Gemenc

Species indicative for a typical floodplain ecosystem along the Danube in Hungary

English name

Latin name

Birds:
Nesting in floodforests:
Black Stork

Ciconia

nigra

White tailed Eagle

Haliaitus

Lesser Spotted Eagle *

Aquila

albicilla
pomarina

Black Kite

Milvus

Saker Falcon

Falco

Black Woodpecker

Dryocopus

Penduline Tit

Remiz

migrans
cherrug
martius

pendulinus

Nesting in swamp forests:
Night Heron

Nycticorax

Grey Heron

Ardea

Little Egret

Egretta

nycticorax

cinerea
garzetta

Nesting in banks of side-arms:
Kingfisher

Akedo

Sand Martin

Riparia

riparia

alba

atthis

Wintering or migrating visitors:
Great White Egret

Egretta

Spoonbill

Platalea

leucorodia

White-tailed Eagle

Haliaetus

albicilla

Mammals:
Red Deer

Cervus

Wild Boar

Sus crqfa

elaphus

Beaver **

Castor fiber

Otter **

Lutra lutra

Badger

Meles

Pinemarten

Martes

Wild cat

Felis

meles
martes
silvestris

M acro-inverteb rates:
Mayflies

Palingeniidae

(Palengenia

Potamandidae

(Potamanthus

Black Flies

Simuliidae

Waterstriders

Gerridae (Gerris

Stoneflies

Plecoptera

Midge Larvae

Lipiniella
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luteus)

palustris)

arenicola
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English name

Latin name

Fish:
Sturgeon species

Accipenser/Huso

Chub

Leuciscus

Barbel

Barbus

species

cephalus
barbus

Flora:
trees:
Acer

campestre

Maple

Acer

negundo

Fraxinus

excelsior

Ash

Fraxinus

pensylvanica

Juglans

nigra

White poplar

Populus

alba

Black poplar

Populus

nigra

Oak

Quercus

robur

Common Osier

Salix

White Willow

Salix alba

viminalis

Almond Willow

Salix

Elm

Ubnus

laevis

Ulmus

minor

triandra

shrubs:
Cornus

sanguinea

Craetagus

monogyna

herbs:
Aster

tradescantii

Brachypodium

sylvaticum

Sedge

Carex

remota

Sedge

Carex

riparia

hnpatiens

glandulifera

Phragmites

australis

Pepper bitter grass

Polygonum

hydropiper

Bramble

Rubus

Reed

Solanum

caesius
dulcamara

Urlica

dioica

Nymphaeids

Nuphar

lutea

Pondweeds

Potagometon

Waternut

Trapa

Nettle

watervegetation:

Sp.

natans

no proof of breeding in last 12 years in Gemenc
currently not present in Gemenc

Table 4.2
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Ecological rehabilitation objectives

Combining the ecological quality criteria with the ecological reference as described in the
previous section leads to the formulation of a number of rehabilitation criteria. The selected
rehabilitation objectives as described below are chosen in such a way that, within the scope
of the ecological reference of the Gemenc area the ecological quality in terms of integrity,
diversity and representativeness is likely to increase. The criterion of rarity is not used
explicitly, as the area already is renowned for its richness of rare species.

Restoration of side-channel habitats:
One of the most promising options in the Gemenc area is the rehabilitation potential of the
side arms. Increased riverdynamics leads to a variety of habitat conditions, such as differences
in stream velocity, waterlevel fluctuations and local erosion and sedimentation. This in its
turn increases the diversity of habitats and species. Considered as a whole, a continuously
streaming side-channel can be regarded as a representative feature of the Gemenc floodplain.
Whether or not the restoration of side-channel habitats will lead to an increased integrity of
the system depends on the kind of measures which have to be taken. Although a part of the
original riverine processes is restored, it is expected that this can only be maintained by a
certain level of recurrent human intervention (e.g. maintenance dredging).

Raising of the groundwater levels on the floodplain:
Higher groundwater levels will increase the opportunity for the development of representative
habitats like wetlands. Because of the relief of the terrain a higher waterlevel will likewise
result in a diversified pattern of dry and wet places, which enlarges the diversity of the
vegetation.

Reduction of the eutrophication:
During periods of low flow the algae concentrations in the side arms tend to reach high
levels. Increased algae concentrations may cause temporary low oxygen concentrations,
especially during the night. This negatively influences the living conditions of other aquatic
organisms, such as fish and macro-vertebrates. Reduction of the eutrophication therefore is
an important factor to increase the ecological quality of the area. It will enhance the return
of organisms characteristic for well-aerated streams in the floodplain and thus increases the
species diversity.
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Diversity in the vegetation structure:
Diversity in the vegetation structure can be formulated on different scales. On the scale of
the whole floodplain, all major types of floodplain vegetation should be present. On the level
of ecotopes, diversity can be defined as a mosaic of forests, bushes and grasslands. Normally
this mosaic is brought about by the interaction of vegetation succession on the one hand and
browsing by animals and a high river dynamics on the other hand. The forestry and wildlife
management activities and reduced river dynamics have led to a situation which is well below
the ecological reference.
When looking at a still smaller level, the structure of the forests shows a diversity brought
about by differences in age and height of the trees, and the presence of a shrub and herb
layer. Again, this diversity has been reduced by forestry activities, which tend to favour
stands of trees with a similar age. The current high Red Deer population suppresses the
development of the herb layer.
This rehabilitation objective not only aims at increasing the ecological quality in terms of
diversity, but at the same time aims at increasing the integrity of the ecosystem, for it is clear
that the diversity in vegetation structure implies a reduction of the human interference in the
Gemenc area.
The species list as presented in Table 4.2 has not been used to formulate explicit objectives
on the level of species. Taking into account the scope of this study it has been assumed that
the restoration of habitats and water quality will be beneficial (but not always sufficient) for
the enhancement of the occurrence of typical floodplain species. Interactions with management
issues not directly related to water management, such as game management, forestry and
recreation will be discussed in section 7.4. In addition the species list could be used for
monitoring purposes. Some of these species could be used as indicators for the success of
the rehabilitation of the Gemenc area.

4.4

Conditioning parameters

In order to assess the necessary measures to meet the proposed rehabilitation objectives,
insight is necessary into the conditioning environmental parameters which influence these
objectives. In other words which key parameters should be modified by means of the
measures? In Table 4.3 these conditioning parameters are identified.
From Table 4.3 we can conclude that rehabilitation of the diversity in vegetation structure
can only be met if also additional measures are taken which are not related to water
management, viz. by changing the management of game and forest vegetation. Section 7.4
specifically addresses these management measures.
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Planning criteria

The planning criteria have been established after intensive discussion with and feedback from
local interest groups. Four plenary meetings have contributed to this purpose, and besides
many personal consultations have taken place.
It is clear that all interest groups expressed their own priorities. The traditionally dominant
functions in the area, i.e. navigation, forestry and hunting have presented their wishes
explicitly. In fact these functions have relatively little problems with the present situation,
and hence do not feel a strong need to change the situation. Of course, the navigation function
could profit from improving the fairway, and forestry from increasing soil moisture at the
higher floodplain sites, but they would not object changing nothing.
Nature conservation and recreation did not play a major role in the past, and hence their
representatives judge they should get more attention now. Especially sustainable nature
conservation objectives should be taken into consideration. However, since little experience
exists with modern nature conservation in the area, planning criteria still have to be elaborated
more in detail. Valuable steps have been taken already in this direction, as described in
Buzetzky (1991). No general national policy rules for nature conservation are available on
which we could base concrete planning criteria for the Gemenc area. Therefore we used
internationally accepted criteria. Information on recreation was relatively difficult to obtain.
It seems that this function is quite autonomous in its planning at the moment, apart from the
cases where it is exploited as a subfunction of forestry. We derived planning criteria mainly
from discussions with representatives of tourist enterprises and from general experience.
Fisheries must have played a quite important role in the past. Already before river regulation,
the favourable river dynamics for fish breeding led to optimal conditions for sustainable
fishing, both on a small scale and on a more professional scale (Buzetzky, 1991). The
fisheries have seriously suffered from the river regulation and the decrease in inundation
frequency of the former river arms. It is not clear whether a more natural fish stock in the
area can be attained, allowing for increased fisheries. At any rate the professional fishermen
made quite clear which planning criteria should be taken into account in order to improve
the fish stocks.
For each of the user functions of the Gemenc area a set of criteria has been formulated. This
list will be used to evaluate the alternative strategies. The evaluation is based on the impact
analysis, as described in chapter 7. Table 4.4 on page 4-25 gives an overview of the criteria,
which are further elaborated below.

4.5.1

Ecological criteria

Evidently most of the ecological criteria are equal to the rehabilitation objectives, as
formulated in section 4.3. Additional to these objectives are the criteria regarding the present
nature values. Some of the proposed measures might inevitably lead to certain losses of the
actual nature values. This might be the case when a connection canal has to be constructed
in an area with a nature conservation status.
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River management and navigation criteria

Focal-points in the formulation of criteria for river management are conditions for the safety
against flooding and the navigability of the Danube.

Safety against flooding:
The safety against flooding depends, besides the level of the dike-crests, on the waterlevels
at high discharges and flow-restriction caused by accumulation of fragmented ice (ice-jams).
Starting-point in the formulation of the criteria is: no decrease of the safety against flooding.
In that case it is clear that one of the criteria has to be:
n

max

(present) > = h ^ (alternative), where h is the waterlevel

In other words the measures in the Gemenc-area may not enlarge the maximum waterlevels
of the Danube.
The threshold-value used for this criterium has been stated as
exceed only 1 % in time.
h»» (present) > = h

K%

, the waterlevel that will

(alternative)

The hx* is a result of model calculations.

Ice-jamming:
It is difficult to formulate a criterium for the risk on ice-jamming. Ice-floes and sheets will
tend to accumulate in areas where the water-slope decreases, such as areas where a river
enters a larger river or lake, extreme riverbends, or the bifurcation of a river into two or
more channels. In case of a bifurcation, one of the questions is which discontinuity in
waterflow is acceptable. It is not possible to give a clear answer on this question. Here it is
stated, partially based on the natural variance in waterflow, that the discharge through a side
channel may not exceed 10% of the river discharge at high waterflow. This criterium is
disputable and has to be a subject for further research. Below criteria are formulated with
respect to water depth, side currents and bed-level instability.

Navigation:
The dominant factors affecting navigation are the available depth and width of the river. Other
factors are curvature, the current velocity and the stability of the river.
The variation with time of the water depth depends on variation in water level and bed-level.
In the case of irregularities (stability) in the bed-level the manoeuvrability of the ships
becomes limited. Another problem in manoeuvrability could be caused by side currents.
Below criteria are formulated with respect to water depth, side currents and bed-level
instability.
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Water depth
The navigational requirements are connected to minimum waterlevels in the Danube. In this
study the requirements formulated as MVSZ '90 are used. The required waterlevels at a
discharge of 1040 m /s in the Danube have been formulated according MVSZ '90.
The section of the Danube along the Gemenc area provides acceptable conditions for
navigation at this discharge. The navigation margin has been defined as given in the definition
sketch Figure 4.5.
3

MVSZ'IO

Figure 4.5

Definition sketch of navigation margin

The navigation criterium in this study has been defined as:
navigation margin > 0
Decreasing of the navigation-margin could be a consequence of aggradation of the bedlevel
due to discharge changes in bifurcation points (side channels) and local disturbances of the
bed by sandbars. The aggradation of the riverbed has been computed with a morphological
model.
Local sandbars arise in regions where the river flow lacks guidance by groins or riverbanks
(as is often the case in side channels) and sometimes at the inflection-points of the river-bends
in case of badly trained riversections. To avoid reduction of local water depth it is desirable
to minimize the width over which the velocity decreases. Steep velocity gradients minimizes
the size of the bar. A good design of the entrance of a side channel (streamlining) could give
a reasonable solution for the sand-bar problem.
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Side currents
During the last decades nautical problems at higher flows have aroused at the Baja-bridge.
Navigational experts stated that it could have been the result of side currents induced by the
outflow from the V6n-Duna. Further research however, showed that the flow patterns of the
Danube have not significantly been disturbed by the outflow from the Ve*n-Duna. Nevertheless
the following criterium for the outflow of the V6n-Duna has been used.
Qv*. <

0.1

Bed-level instability
Besides the above mentioned instability by sand-bars another instability of the river-bed could
appear if a side-channel has a strongly eroding behaviour. In the end-stadium this can lead
to a so-called cut-off and a totally changed river-geometry. The tendency of a side-channel
to form a cut-off can be deduced from the results of the morphological model. A very rough
criterium to avoid cut-offs is:

slope side channel < river slope.

4.5.3

Economic criteria

Measures and strategies have to be evaluated on: (i) the extent in which goals will be
achieved; (ii) the costs involved; and (iii) the benefits that may be realized as kind of a side
effect. When two different measures or strategies contribute to the same extent in achieving
the goals, measures or strategies with high benefits and low costs (high benefit-cost
differences) in general are favoured. Apart from this benefit-cost diffence the need for
investments over time (fund raising!) is important too. Funds can be limited thereby
restricting investments plans - even if the plans are very profitable.
Important cost items are:
•
investment and capital costs. The investment costs give information about the
magnitude of funds that have to be raised to implement the measures and strategies.
By depreciation and discounting yearly capital costs can be determined.
•
costs of maintenance scheme. If maintenance like dredging is not done yearly but
every other couple of years these costs should be treated like investment costs. For
fund raising an investment scheme is needed. By depreciation and discounting the
yearly capital costs can be determined.
•
variable costs (yearly recurrent maintenance like maintenance of structures, costs of
management, of control and monitoring, etcetera).
•
costs and damages directly or indirectly incurred on economic activities (e.g.
increased costs of transport and lower financial yields in forestry).
Economic benefits encompass:
• decrease of production costs (e.g. lower costs in hunting for food supply of deer).
•
increase of financial yields (e.g. in fisheries).
•
increase in potentials for economic development (e.g. tourism).
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The distinction between cost and benefit items for economic activities is not always clear.
A decrease of costs may be considered a cost item (with a negative value) or a benefit item.
Also a decrease in financial yield may be classified under costs or under benefits (with a
negative value). In practice this causes no problem as in the end the difference between
benefits and costs is the determining factor.
An increase in economic potentials represents a certain option value, which may be
developed. To bring the potentials into reality often investments have to be made (e.g. in
infrastructure or recreation facilities). In evaluating the alternatives the latter investments
needed can be left out of account. The fact that economic potentials increase in itself is
already worthwhile.

4.5.4

Forestry criteria

The pattern of inundation duration zones (expressed as the average number of days inundated)
is crucial for forest development and thus for forestry. The inundation durations should not
decrease further, i.e. the inundation zones should not shift towards lower locations, to prevent
further drought damage to the forest.
Also the groundwater sufficiency should not decrease more. This criterium will be affected
negatively by increased drainage in the neighbourhood of dredged side arms, but might be
affected positively by introducing extra water resources from the Sid. A parameter to quantify
this criterium might be groundwater level. Since we have little information on this parameter,
(except for some sample points in the KeselyOs area), this criterium will be assessed qualitatively.
Spatial effects. The forest can also be affected directly where forest lots have to be cut to
allow for channels to be dredged. This criterium can easily be assessed by hectares lost of
different categories of forest.
The access to forest parcels will be affected by several of the alternative strategies, mainly
by newly dug channels. This effect will globally be assessed as the number of obstructions
to forestry transport routes. It is supposed that no access to the forest for forestry activities
will be allowed via the water of the side arms.
The damage by game to the forest will hardly be affected by the proposed measures directly.
However, the number of game present in the area is proportional to the damage to forest
rejuvenation. Since in some alternatives the number of game may decrease, in those cases
also the damage to forest may decrease.
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Hunting criteria

Hunting possibilities depend on quantity and quality of the game stock. Since the quality of
the populations is considered not to be affected substantially by the measures, the number
of game is the main criterium to assess the effects to the hunting industry. This criterium can
only be assessed qualitatively, depending on the accessability for game to their habitats.
Hunting possibilities also depend on the accessability to the terrain for hunters. It is supposed
that no hunting from the water is allowed. Therefore this criterium can be assessed by
determining the number of hectares isolated from road access.

4.5.6

Fisheries criteria

Connectivity
Connections between the main channel and side channels favour the function of the side
channels as a refuge to riverine fish under unfavourable circumstances. These connections
also provide the possibility of the side channel to serve as spawning and nursery grounds to
fish from the river. To fishermen, connections ensure a regular supply of new fish in addition
to the stock in the side channels.
Connectivity can be quantified as the number of days per year on which water in the side
channel is in contact with water in the main channel at both sides (the number of days per
year on which the waterlevel in the main channel exceeds the height of the shallowest passage
in the side channel, or in practice, the number of days per year on which discharge is
present).

Flow velocity
Each species offish tolerates a specific range of flow velocities. This means that side channels
with different flow characteristics will have fish communities with different species compositions. Fish species characteristic of running water are preferred to species of stagnant waters,
both from ecological and from fisheries point of view. According to this criterion four classes
are used: (semi)stagnant (<0.1m/s); slow-moving (0.1-0.3m/s); flowing (0.3-0.8m/s); fast
running (>0.8m/s). The velocities used are averaged over a cross-section of a channel.
Locally velocities might be different; in a bend velocity may be twice as high on the outside
as compared to the inside. High spatial variability of flow velocities within the system is
appreciated better than a uniform distribution of velocities. Fast running water disagrees with
other functions of a side channel or lateral channel (spawning- and nursing grounds, refugefunction in case of extreme flow velocities in the main channel). Flow velocity changes along
the course of each channel. Therefore, this criterion is expressed as the distribution over
velocity classes at a particular Q.
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Water quality
Regarding the high nutrient levels in Gemenc, algal blooms may develop in periods without
flow, and together with lack of turbulence this may cause oxygen shortages, especially at
night. This will cause mortality or force fish to move to the surface where they provide an
easy prey to fish eating birds. Transparency decreases and growth of macrophytes is reduced
as a result of lack of light. Eventually the hiding- and spawning sites they provide might
disappear. Turbidity could also directly affect visually oriented fish species.
Starting with Danube water, increase of chlorophyll concentrations and algal bloom will not
occur relative age of the water (see Working Document 4) in the side channels are short.
Under certain conditions blooms will develop over periods as short as 3-5 days. If
concentrations do increase, algal development in the side channels will, as a result of their
small depth, probably be limited by nutrient levels rather than by light quantity, as is the case
in the Danube itself. Because in case of long residence times (little turbulence) the oxygen
concentration will fluctuate strongly as a result of differences in solar radiation, residence
time itself and waterdepth are more useful parameters to judge the alternatives with respect
to this criterion.

4.5.7

Recreation criteria

The recreation potential of the Gemenc Floodplain is affected in a number of ways. It is
chosen here to concentrate on perception, accessability and swimming water quality.
Landscape perception is a very complex item. It is chosen here to assess this criterium
through the parameters characteristicity and visual diversity. Characteristicity is related to
the reference situation supposed to be expected by tourists of different categories. Diversity
is related to the occurrence of variation in vegetation types and openness along the access
routes.
The accessability for tourists is assessed by determining the length of access routes. It is
supposed that forestry plots and side arms are accessible for tourists, nature conservation plots
and dead arms are not accessible.
For the quality of swimming water, it is assumed that people do not like swimming in water
with a high chlorophyll-a concentration, which reduces the transparency of the water. Hence,
a threshold value of 50 mg/l has been used. It is assumed that E . coli does not occur in
dangerous concentrations.
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Table 4.4 Policy criteria (summary)

Criteria

Dimensions

Threshold value

Assessment method

ecology

current nature values

hectares lost

GIS

side-channel habitats

total length

model

groundwater level

difference in m.

>=

eutrophication

Chlorophyll-a cone.

< 50 ug/l

model

diversity interrestrialvegetation structure

percentages of different

-

vegetation model, expert

0

vegetation types

expert opinion

judgement

river management and navigation

safety against flooding

h9996

present levels

hydrol. model

ice dams

flow velocity

within present velocity

hydrol. model + expert

variations

judgement

navigation depth margin

navigation margin

>0

hydrol. model

side currents

discharge ratio

Q«k < 0.1 Q p ^ .

model

stability of the main channel

sensitivity for cut-off

Slope side channel <

expert judgement

river slope
costa of measures

investment and capital costs

Ft

-

(dredging volume and constructions)

hydrol. model + design
specifications

costs of maintenance scheme

Ft

variable costs

Ft

expert judgement

-

dredging volume
(model) etc.

costs incurred on economic activities

qualitative

expert judgement

forestry

inundation pattern

inundation zones

present situation

hydrol. model

groundwater sufficiency

soil moisture

not dryer than at

expert judgement

present

spatial effects

hectares lost

GIS

access to forest parcels

number of obstructions

GIS

damage by game

hectares damaged

expert judgement

hunting

availability of game
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Criteria

Dimensions

access (isolation)

hectares isolated

Threshold value

Assessment method

GIS

fisheries

connectivity

number of days/y for

-

hydrol. model

-

hydrol. model

< 50 ug/l

water qual. model

Q>0

flow velocities

distribution over
velocity classes at
different Q

water quality

chlorophyll-A cone.

recreation

landscape preception

diversity / typicality

accessability

length of transit

expert judgement

-

GIS

< 50 ug/l

water qual. model +

acessible side-channels

water quality

chlorophyll-A cone.

expert judgement

economic benefits

decrease of production costs

qualitative

expert judgement

increase of financial yields (e.g. fisheries)

qualitative

expert judgement

increase in potentials for economic

qualitative

-

expert judgement

development (e.g. tourism)

Table 4.4 Policy criteria (summary) (continued)

4.6

Planning guidelines

Planning guidelines can help in finding the right kind of measures and interventions. Planning
guidelines have been used more or less implicitly for the formulation of development
alternatives. Below these guidelines are described in more detail (adapted from Marchand
& Udo de Haes, 1989).

Zoning:
Environmental zoning (e.g. to separate multiple use areas and nature core areas) may be
advisable in order to reconcile the different forms of use and conservation.
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Participatory planning:
Participatory planning includes the involvement of local people and organizations in all
phases of the planning process, starting from a shared analysis of the problems up to the
implementation and management measures.

Working with nature:
For reasons of efficiency and minimizing adverse impacts, optimal use should be made of
the natural forces at work. This implies that it is often better to select measures which have
to be performed only once, than on a recurrent basis.

Monitoring:
Monitoring of the effectivity of the executed measures and watermanagement is crucial and
should be an integrated part of the management process.

Acknowledging potential conflicts:
In the management process an awareness of potential conflicts between conservation and
utilization aims and between different types of utilization aims is essential and should be
acknowledged by the use of sound procedures. A n important instrument for solving conflicts
can be found in agreements between the interest groups involved.
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5

Strategies for rehabilitation

5.1

The feasibility of water management measures and
interventions

The formulation of alternative strategies for rehabilitation starts with selecting different types
of measures. Identified measures or interventions which pass the first screening selection can
then be used as the building blocks for the alternatives. In table 5.1a wide range of measures
is presented and their applicability indicated.
The removal of dams, dredging and channel excavation are measures which seem all very
effective in restoring the side-channels. They have an impact on streamflow velocity, erosion
and sedimentation processes and the water depth, and hence indirectly influence the water
quality. Depending on the exact design of these measures inundation frequencies may also
change. These measures have been selected for inclusion in one or more strategies, as there
are no a priori reasons for not using them. Of course the final acceptance depends on the
precise way of using them (i.e. the locations, the dimensions etcetera).
Floodplain excavation and any kinds of dams or weirs in the Danube itself are considered
not useful for our strategies, as they will no doubt have unacceptable side-effects. The
lowering of the floodplain would increase the inundation frequency and groundwater
availability, but the impact on the present vegetation pattern is considered too large, especially
when it is done on a large scale. Dams or weirs in the Danube are very expensive, will cause
shipping problems and change the hydrology and morphology of the river and its ambient
environment drastically. Moreover, dams have a bad reputation in public opinion, and it
would be quite difficult to make clear that they are necessary for improving the ecological
conditions of Gemenc.
Although improvement of the water quality should ideally begin at the source, waste-water
purification as a means to improve the water quality in the Gemenc area is not considered
in the strategies. The reason is the expected dominant influence of water from the Danube,
the quality of which is determined by all the pollution sources and waste water treatment
facilities upstream of Gemenc. Hence, waste-water treatment near Gemenc is likely to have
a limited effect on the water quality in the area. As the study area is limited to Gemenc, plans
for treatment of pollution sources upstream have not been taken into account.
A measure that might improve the water quality in the area is the creation of reed beds which
function as purification filters. This measure might be combined with the intake of Sid water.
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Description of the alternatives

Taken the selected measures as a starting point, three alternatives have been formulated, each
of which being a combination of two or more measures:
Alternative I:

improvement of the throughflow of the side arms which are currently siltedup.
Alternative II: creation of a new lateral channel through connection of old side arms. This
concept is worked out for two variants which differ in length and location.
Alternative III: improvement of the water availability in the floodplain by using water from
the Sid.

5.2.1

Alternative I: improvement of the side arms

The objective of this alternative is to restore three of the former river meanders, the GreT>eci
Duna, the Reze'ti Duna and the Ve"n Duna, and two lateral side-channels, the Mdric Duna
and the Kadar Duna (see figure 5.1). Essential to this restoration is that higher discharges
in these branches will occur, especially at low Danube discharge situations. This should
prevent bad water quality circumstances and enhances a free exchange of water and aquatic
organisms between the river Danube and its side arms.
The restoration entails either the deepening of the channels by dredging them or removing
(parts of) cross dams, or both. The new channel bed is designed in such a way that practically
the water is always flowing. As a design criterion a non-flowing period of 5 to 10 days per
year as a maximum has been used.
In Table 5.2 an overview of the model results are presented with regard to the dredging
requirements for each side-channel. With respect to the initial dredging two variants are
given: variant 1 at which the side-channels are dredged to a slope level using 1.2m above
Baja as reference and variant 2 with a slope level using 0.70m above Baja as a reference.
Maintenance dredging depends on the sedimentation processes in the side-channels, which
on their turn are dependent on the fraction of the sediment transport of the Danube which
enters the side-channels. This fraction cannot unambiguously be determined. Three different
calculations are given: 1) a minimum for which a ratio of 60% bed load and 40% suspended
sediment load is assumed (i.e. similar as for the Dutch Rhine); 2) a maximum for which it
is assumed that 4% of the sediments carried by the Danube enters the side-channel (i.e. not
an optimal inlet situation); and 3) a best guess, for which a 10% bed load and 90% suspended
load is assumed with an optimal inlet situation.

Alternative Ia: the Gribeci Duna
Currently, the Grebeci Duna inlet is closed off most of the time from the Danube. Only at
relatively high discharges water levels are high enough to let part of the Danube water flow
through the Gre'beci (approx. 2.5 m /s at Q ). Increasing this discharge at low water entails
a large amount of dredging in order to deepen the inlet.
3
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Map of Alternative 1 (letters refer to text)
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The inlet itself is at a rather unfavourable position from a hydraulic point of view, namely
at the inner bend of the river (see A in Figure 5.1). This means that the inlet will rapidly
be silted up again. Possible solutions could be to make specific inlet structures at the mouth
or removing three or four of the existing groins. Another solution might be a replacement
of the inlet upstream. It might be well possible to create an entrance at K m 1495 (A') (see
also Figure 5.8).
The groin downstream of the inlet should not be removed. The lake Forgd-Td is not affected
by the new upstream connection that needs to be excavated. The location does not disturb
a nearby area of high actual nature value, as can be seen on Figure 3.5.
The total length of the side-arm is 8.3 km. Initial dredging needs to be executed over the
entire stretch of the side-channel (see cross-sections in Figure 5.2 and Figure 5.3 and
longitudinal graph in Figure 5.4) and will be in the order of one million cubic metres.
Maintenance dredging depends on the sediment fraction which will enter the side-channel and
is estimated to be probably in the order of 11,000 m /y. Most dredging will be necessary
at the intake point of the channel.
3

Figure 5.2

delft hydraulics/rws-riza/vituki

Locations of the cross-sections on the Grebeci Duna

5 - 5

Main Report

Floodplain Rehabilitation Gemenc

mBf

0

20

40

present

Figure 5.3

5 - 6

60

80

100

120

distance

(m)

140

160

180200

altl

Cross-sections Grebeci Duna

delft hydraulics/rws-riza/vituki

Main Report

Floodplain Rehabilitation Gemenc

Figure 5.4

Longitudinal view of dredging requirements for the Grebeci Duna

In Figure 5.4 the required dredging-amounts as a ruction of the distance from the inlet are
shown. The dotted area represents the dredged area as a function of the distance from the
inlet of the side-branch. The lower area gives the dredging-work from the present situation
to the 1.20m B A J A depth. The upper area gives the amounts from the 1.20m B A J A depth to
the 0.70m B A J A depth.

Alternative lb: Reziti Duna
Due to the very limited slope within the side-channel discharge and flow velocities are quite
small over the year. Only at high Danube discharges the Rez&i flows increase considerably.
To improve this situation initial dredging of 100,000 to 200,000 cubic metres is required for
the first part of the side-channel (2 to 4 km) (D in Figure 5.1). Maintenance dredging is in
the order of 8,000 cubic metres per year near the intake point (E). No constructions are
needed at the inlet of Rezeti. Only perhaps a small groin at the downstream part of the inlet.
Problem is the situation of holiday-accommodation at this point (pers.comm Laczay). Near
the outlet (F) a sandridge has to be removed.

Alternative lc: Ve"n Duna
Due to the construction of a dam near the entrance (G), the discharges through the V6n Duna
are reduced considerably. Complete removal of the dam will however not be possible because
a high discharge in Ve"n Duna will result in very high sedimentation in main riverbed at the
inlet and high cross currents which may cause dangerous navigation situation at the outlet.
By way of a preliminary analysis it has been calculated that opening of the dam to a width
of 40m seems feasible. A wider opening would lead to unacceptable high discharges while
a smaller opening would yield too little effect. The Csertai Duna (H) will remain a dead sidebranch even after the restoration of V£n Duna.
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No initial dredging is required. Maintenance dredging is 77,000 m /y at maximum, but is
more likely to be approx. 38,000 m /y, because of the fact that the intake point is in a outer
bend of the Danube. In general it is expected that some sedimentation is not a big problem
here at least for the first 10 years or so, as the actual depth behind the dam is much greater
than the design depth of the alternative.
3

Alternative Id: M6ric Duna
The Mdric Duna is a typical lateral channel of the Danube, with a limited discharge at low
Danube water levels. Improving this condition entails initial dredging over the entire stretch
of the lateral channel of 4.1 km and will be in the order of 190,000 to 300,000 m (see
Figure 5.5 and 5.6 for some cross sections and Figure 5.7 for a longitudinal profile). Maintenance dredging at the intake point will likely be around 3,000 m /y, because of the unfavourable position at the inner bend of the river Danube (I). The inlet is not situated in an area
of high natural value. The outlet nevertheless is, but here no engineering works are needed.
3
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Figure 5.5

Location of the cross-sections on the M6ric Duna

Alternative Ie: Kdddr Duna
In the past the Kadar Duna has been closed off by a dam (I). Part of the dam (15 m width
down to bottom of bed of channel) in the Kadar channel has already been removed in the
summer of 1992 (pers.comm Zsuffa). Enlarging the present opening in the dam to a width
of 20m might be possible. Because the Kadar Duna is very sensitive for becoming the main
stream of the Danube a larger opening is not advisable. Due to the very deep main river at
this part, the discharge through the Kadar Duna is allowed to exceed the 5% as mentioned
for the Ve"n Duna.
The entrance (K) is nearly completely blocked by sand. Hence, some initial dredging is
necessary in front of the existing dam (approx. 67,000 m ). Maintenance dredging is
calculated to be in the order of 6,000 rrrVy.
3
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Improvement of side channel inlets
One of the major problems is the sedimentation of the inlets of the side channels. By
improving the inlet, the sedimentation problem could be minimized. A n important driving
"force" in the sedimentation problem is the so called "Bulle effect". The "Bulle effect" is a
result of the spiral flow, caused by the increase of water-pressure in the bifurcation point.
By the spiral flow, water near the riverbed with a relative high sediment-concentration, flows
into the side channel. The next aspects have to be taken in consideration :
— Small ratios river discharge/side channel discharge have a positive effect in the
sediment-intake of the side channel. This is caused by the decreasing influence of the
"Bulle effect". Ratios below 0.1 are recommended.
— The location of the inlet is very important. Location in an outer bend of the river is
prefered to an inner bend. At an inner bend the spiral flow of the bend reinforce the
"Bulle effect"; in an outer bend the opposite happens.
— A groin at the downstream riverside of the inlet is effective in decreasing the
sedimentation problem. The groin is weakening the "Bulle effect" by generating a
counter spiral flow.
— The angle of inflow plays an important role in the sedimentation of the inlet. Small
angles of inflow considerably reduce the sedimentation. A n angle of 20° seems to be
a good choice.
— A treshold (natural or artificial) in the inlet reduces the sedimentation. This is caused
by the inflow of water with lower sediment concentrations.
From the five inlets only the V6n-Duna is conveniently situated. It is not of any use to
improve the inlet of the Rez&i Duna. The sedimentation patterns of the Kadar Duna are of
large nature value. So only the Mdric Duna and the Grebeci Duna are eligible for improving
the inlet.
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Grt5beci-Duna: The most important is to move the inlet from the inner-bend to the outer-bend
of the river and to change the angle of inflow (Figure 5.8). Possibly some bank-protection
is needed.
Mdric-Duna: The angle of inflow (90°) is very unfavourable. Proposed measurements:
Moving the inlet to a location with non-fully developed spiral-flow and to change the angle
of inflow (Figure 5.9). Possibly some bank-protection is needed.

Figure 5.8

Improvement inlet Grebeci-Duna

Rehabilitation of the Szeremlei Duna
Rehabilitation of the side arms of course does not have to be limited to the Grebeci, Rez&i,
V6n, Mdric and Kddar Duna. There are other backwaters which can be improved also, like
the Szeremlei Duna. As an example, reopening of the Szeremlei Duna has also been
considered in the study, albeit on a qualitative way. Based on the results of the modelling
for the other branches, the impacts of measures to restore this backwater have been assessed
comparative-wise (see section 7.1.2).
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5.2.2

Improvement inlet M6ric-Duna

Alternative II: a new lateral channel

The objective of this alternative is to connect most of the cut-off river meanders (sidechannels) to create one large lateral channel. Thus optimal use can be made of the available
slope, which offers possibilities to obtain a reasonable discharge and to restore side channel
habitats. Two different versions have been worked out: Alternative Ha, which is a long lateral
channel of approximately 22 km, and Alternative l i b , which is a smaller version of Ha and
is 8.8 km in length. Similar to Alternative I a design criterion of an average non-flowing
period of 5 to 10 days per year is used.

Alternative Ha: the long lateral channel
This option comprises the establishment of a lateral channel initiating at the inlet of the
Grebeci Duna, connecting a series of old meanders and reconnecting with the Danube
opposite of K2d2r Island (Figure 5.10). This requires a huge amount of initial dredging (in
the order of several million cubic metres). A lot of dredging will have to be done at the inlet,
which is situated in an unfavourable position at an inner bend of the Danube (A in Figure
5.10). It is possible to move the inlet upstream (B), leaving lake Forgd-Td unaffected.
Although for the construction of this alternative maximal use can be made of the possibilities
the surface relief offers, it is not everywhere possible to follow the present geomorphological
structures.
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To connect the Gr6beci Duna and the Rez&i Duna a straight canal will have to be excavated
(C). To cross the geomorphological structures (high levees) between the Rezeti Duna and
Csertai Duna an artificial connection has to be made (E). No technical structures will be
necessary at the entrance to this canal. It is expected that this connection will erode
significantly as the water will loose much of its sediment upstream in the Rez&i. In due time
sedimentation in the RezeTi Duna and erosion in this canal is expected to reach an
equilibrium.
In the downstream part of the Rez&i Duna the direction of water flow may become opposite
to the present flow due to changes in hydraulic roughness (D). This will not cause any
problems from an ecological point of view. Increased sedimentation will take place in the
outlet of Rez&i Duna but will cause no severe implications on the proposed alternative.
The proposed lateral channel has to cross the road/railway through one out of four available
openings to be connected to Nye"ki Holt Duna (F). A n additional problem regarding this
alternative is that it calls for adaptations in the design of the railway bridge. Because of the
relatively high discharges at high water levels (Q about 160 m /s) the bridge pylons and
culverts need to be enlarged and strengthened.
3

95

Further downstream it is possible to use the geomorphology of Nydki Holt Duna (G). The
lateral channel has to "break through" the natural levee to flow back into the river (H). If
this connection is excavated, it will be a straight canal. The lateral channel should meet the
Danube at a sharp angle to prevent hindrance for shipping.
Maintenance dredging in this option will be limited and will largely be restricted to the
GreTieci Duna.

Alternative lib: the short lateral channel
The second option within alternative II comprises establishment of a shorter lateral channel,
starting at the inlet of the Ve"n Duna, running via the Csertai Duna and Nygki Holt Duna to
the Danube opposite of Kdddr Island (Figure 5.11).
A relatively steep slope as compared to the accompanying stretch of the Danube ensures a
substantial discharge, all the more because the inlet is well situated in an outer bend of the
Danube (A in Figure 5.11). In the present dam in the upstream part of the Ve"n Duna (B) an
40 m opening should be made. The Csertai Duna will have to be dredged (D). The connection
with the river Danube will be made as in alternative Ha. Another possibility is to connect
the Nye"ki Holt Duna to the Batai Duna.
Maintenance dredging will be necessary mainly behind the opening in the upstream dam in
the V6n Duna, but will be substantially reduced (approximately with three quarter) if a dam
is built in the downstream part of the Ve'n Duna (C).
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5.2.3

Alternative III: intake of Sid water

Aims and boundary conditions
The introduction of additional water from the Sid aims especially at the improvement of
groundwater conditions in the northern part of the Gemenc Floodplain, the Keselyus area.
At the same time, improvement of the water quality of some dead arms, the Decsi-lakes,
might be achieved, when small sluices are built in the relevant "fok"s to prevent the water
to drain directly to the Grebeci Duna.
To re-establish more natural inundation characteristics in this area, additional water supply
of 20 m /s is assumed to be necessary two times during a period of 5 to 7 days in April and
May. A n area of about 500 ha could be irrigated by this water, totalling each time about 8
to 10 million m . Assuming that half of the water drains away in a diffuse way to the Grebeci
Duna before the end of the flushing period, on average a water layer of 60 to 80 cm would
result at the end of the flushing period. Most of this layer will be stored, however, in the
former river courses, especially the Keselyus and further down through Decsi lakes to the
South. That means that in the forest the water layer on average will be less, varying from
a few cm to 50 cm in the lower places.
3

3

Available water quantity
It is clear that not enough water is available in the Sid to supply water the whole year round.
This would also not be desirable, since the natural situation in the Danube floodplain is the
occurrence of floods especially in springtime. At this time enough water seems to be available
in the Sid.

Water quality of the available water
Another problem is the water quality of the Sid water, which might be poor in several
aspects. It was considered whether releases of cleaner water from the Lake Balaton could be
profitable in this respect, but it appears that the releases concern relatively small annual
amounts (pers. comm. Dely). In the early 80s, yearly 300 to 500 M m was released, with
monthly maximum of about 100 M m in April or May. Moreover, these amounts have
decreased to almost nil in recent years (1989 to 1991). Since also the releases from the Lake
Balaton are depending on other water management strategies than the Gemenc Rehabilitation,
it is assumed that principally the water quality of the Sid itself is standard for this alternative.
In an eventual feasibility study for this alternative, the possibility of also using Balaton water
should be studied in more detail.
3

3

Two variants are considered, one using gravitational flow from a storage lake, the other using
pumps.
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Temporary storage of Si6 water at the weir and release gravitationally to
the Gemenc area

For gravitational application of surplus water the water head should be at least at 90 m Bsl.
In this case, the water could directly be directed to the upward end of the Keselyus former
river branch. Therefore the weir at the sluice should be reconstructed as to allow for water
levels of 90 m. In that case a storage lake would result with an estimated amount of 16 M m
of water. A total of about 10,000 ha would be inundated, with moderate inundation depths
up to 2.5 m. The forests in this area would not suffer from this extra inundation if it does
not last longer than about 2 weeks (pers. comm. Dely). The time needed to fill this storage
lake is about one week at average Sid discharges. The release point could simply be
constructed in the Danube dike (see Figure 5.12).
3

1Mb

Pumping Sid water over the dike

With the same boundary conditions concerning the amounts of water to be supplied, water
can also be introduced into the area through pumping from the south-eastern end of the Sidmeander over the nearest dike. A head difference of 3.5 m (average Sid level of 86.5 m, and
Keselyus level of 90 m) should then be overcome. At the other side it should flow naturally
towards the Keselyfis former branch, and pass the next dike through a culvert (Figure 5.13).
In this case, water quality problems could be monitored, so as to guarantee relatively clean
water to be introduced only. Also pumping from the Danube would be worth considering,
when Sid water quality is not expected to be sufficient in the near future. Only, Danube head
is lower than Sid, which means higher pumping costs. Moreover, Danube water is further
away.
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Systems analysis method

6.1

Analysis and boundary conditions
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System assumptions and scenarios
For the analysis of the impacts of possible measures, a systematical description of the physical
reality has been made. This system description consists of a GIS (for the topographical
information), a 1-dimensional hydraulic and morphological model of the river and its side
arms and backwaters, a vegetation response model (which predicts potential vegetation on
the basis of inundation frequency, topography etcetera), and a water quality model. Clearly,
this system description is an abstraction of reality, which implies a number of assumptions
and simplifications. These system assumptions are explicitly described in section 6.2 as model
schematizations, functions and parameter settings. Furthermore, the assumptions have been
tested by means of a conceptual sensitivity analysis in section 7.3.
Besides the system assumptions, which are basically the result of the need for simplification,
the analysis also uses scenario assumptions. These assumptions emerge from the fact that not
all relevant physical and socio-economic factors are included in the system. Present conditions
and future developments of those factors which are beyond the control of the Water
Management and Nature Conservation Authorities are described in terms of scenarios.
Scenarios have been made for the future developments regarding tourism and recreation,
forestry, population increase and upstream water quality of the Danube. Descriptions of the
scenarios are presented in section 6.2 of this report.
For the analysis a time horizon of 30 years has been used, with 1991 as a base-year. This
period is long enough to account for morphological and vegetation development processes
and still short enough to exclude long-term climatic changes. Appropriate time-intervals are
used to give an insight in the development of the water system.
Geographical boundaries
The area to be studied principally comprises the Gemenc Landscape Protection Area on both
sides of the Danube. The border of the protected territory follows the flood control dykes
on both sides of the Danube (see Figure 3.3). The effect area may comprise a larger area
if significant effects beyond the study area is envisaged, e.g. with respect to surface- and
groundwater flow and quality. Also functional and spatial interrelations through wildlife and
flora dispersion passing the boundaries of the Gemenc area have been taken into
consideration.

Thematical boundaries
Based on the main study objective and description of the problem analysis (see section 3.2)
the main fields of interest in the project are: nature conservation and rehabilitation. A l l
possible relevant measures which modify the water regime in the broadest sense have been
taken into account.
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The intended impacts and side-effects of these measures on the following interests and
functions have been studied:
— ecology
— river management (navigability of the Danube, flood protection, etcetera)
— forestry
— game management
— fisheries, angling
— recreation
— local and regional economy

6.2

General description of models and methods

6.2.1

Hydraulic and morphological modelling

The Gemenc floodplain is a complex area of permanent and temporary water bodies, some
of which are connected to the main river, while others are isolated areas only filled with
water after inundation. Ideally this complex system should be modelled with a twodimensional model. In many cases however, a basically two-dimensional flow can be properly
simulated with a one-dimensional model. Especially for the objectives of the policy analysis
a one-dimensional model usually gives sufficient information for a first estimation and
comparison of the effects of various water management measures.
The lay-out of the floodplain is partly based on the surface flow-patterns related to floodconditions in a scale model of the Gemenc-area. The floodplain has been schematized into
two branches with only a connection with the Rez&i-Duna. At high floods, only the Rez&i
Duna has a strong interaction with the floodplain. The detailed dimensions of the flow- and
storage-areas and the flow- and storage-width of the flow-sections have been obtained from
a large number of cross-sections made in the field. The cross-section data together with
contour-lines of the complete floodplain and data on height levels of dams and dikes,
dimensions of culverts and bridge-spans, etcetera, has been stored into a GIS.
For the one-dimensional computations the WENDY software package has been used. This
package, as issued by DELFT HYDRAULICS consists of a comprehensive set of application
software for the simulation of water flow and sediment transport.
The area of study is divided into a number of branches which join in nodes. A branch always
starts and ends in a node or at a model boundary. The division in branches and nodes is based
on the river-bathometry. The choice of the grid size of each branch is based on a number
of factors, i.e. the required detail of output, size of the complete model, the total computation
time, numerical accuracy and numerical stability.
Each branch consists of a number of computational grid points. For the numerical solution
a staggered grid is used, meaning that alternately the water level and the discharge are
computed. A n impression of the model lay-out is given in Figure 6.1.
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The model is capable of simulating water levels, discharges and flow velocities in the main
river and side branches. From these variables estimations can be made with regard to
sedimentation processes and water quality changes. With regard to the latter, the model
package is coupled with the water quality model DELWAQ (for a description see section 6.2.2).

Model runs have been performed both for calibration purposes and for the analysis of the
various alternatives. The basic questions for which the model output is used are:
— to which extent do the discharges and water levels in the main channel change as a
result of modifications of the side channels? This information is crucial with respect
to the impacts of the alternatives on navigation and flooding risks.
— what will be the behaviour of the side channel beds with regard to sedimentation and
erosion (including the connections with the main channel)? Indications of high
sedimentation rates will imply high maintenance dredging costs.
— to what extent will the flow velocities in the main channel change near the inlets and
outlets of the side channels? The occurrence of side-currents in the main river will
adversely impact navigation.
— what is the current inundation pattern of the Gemenc area and to which extent will
the flood frequencies change as a result of the proposed alternative
measures?
Inundation frequencies are a major factor determining the vegetation on the
floodplain. Hence, significant changes in this factor will result in an increase of
certain vegetation zones at the cost of other vegetation zones. A Vegetation Model
has been developed which uses the inundation frequencies from the hydraulic model.
A description of this Vegetation Model is presented in section 6.2.3.

Assumptions and restrictions in hydraulic and morphological modelling
In modelling a complex area as the Gemenc, a lot of assumptions have to be made, both in
the lay-out of the network and in the hydraulic and morphological boundary-conditions and
the process-descriptions. These will give restrictions in the applicability of the results. As
mentioned earlier the results have to be used only for policy analysis. The results are too
rough for detailed analysis of the different measures, they have a strongly comparative value.
Another restricting fact is the lack of measured data. From hydrodynamic and morphological
point of view only a rough calibration was possible.
Assumptions in the network lay-out
The most important simplification is the one-dimensional description of the floodplain proper.
In the network (Figure 6.1) the floodplain has been schematized into two branches, only
connected with the Rez&i-Duna. So, at high floods, only the Rez£ti-Duna has an (strongly
schematized) interaction with the floodplain.
Actually all the side arms have more or less interactions with the floodplain. The fog-system
plays an important role in these interaction. These micro-hydrodynamical processes are of
the highest importance in the water management of the floodplain. The model does not
describe these phenomena but gives indications whether the micro-hydrodynamical situation
will change or not.
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The Danube as well as the side arms in the model have been based on a limited number of
(measured) cross-sections. This gives restrictions in the accuracy of the computed velocities,
morphological changes, amounts of dredging etcetera.
The representation of the channel roughness data is very difficult, not in the least because
there is a strong interaction between the flow and the bed-form size. In case of the Danube,
the side arms and the floodplain, fixed Nikuradse equivalent roughness factors are used (see
Van Velzen & Van Zetten, 1993).
3

discharge > 4300 m /s
discharge < 4300 m /s

k, =0.15m
k, =0.10m

The side arms:

k. — 0.07m

The floodplain:

k, = 4m (!)

3

The above-mentioned equivalent roughness factors are based on rough calibration runs. Again
the lack in measured data plays an important role in the description of the roughness data.
The grain-size of the bed-material is supposed to be constant (0.3 mm) in the Danube and
side arms.
Assumptions in the boundary conditions
waterflow:
Only in case of the water quality computations the conditions at the boundaries are a function
of time (year 1986). The hydraulic computations for analyzing the impact of the measures
have been based on constant discharges (1,5,30,50 ,70 ,95,99%).
morphology:
To simplify the treatment of the regime of the river Danube, the regime has been schematized
into a single discharge. The river characteristics are correlated to this so called dominant
discharge. It is clear that a single discharge never reproduces periodical variations due to
seasonal changes in the discharge. Especially in case of side arms with different bed-levels
this method could lead to considerable differences. For comparative studies the use of this
method is considered acceptable.
Assumption in process-descriptions
To describe the sediment-transport the Van Rijn formula is used. The Van Rijn formula
computes the suspended bed material load and the bed load with different formulas. The result
is added to give the total bed-material load. In fact, the Van Rijn formula applied in WENDY
is the simplified version with a restricted range of applicability. These restrictions are: water
depth between 1 and 20m, flow-velocity between 0.5 m/s and 2.5 m/s and D50 between 0.1
and 2mm. It is clear that especially in the side arms the velocities are sometimes less than
0.5 m/s. In that case however the morphological activity is of minor importance.
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Water quality modelling

A n essential aspect of the rehabilitation of the Gemenc floodplain area is the quality of the
water in the side arms and other waterbodies in the floodplain. A deteriorated water quality
negatively influences the living conditions of aquatic life as well as the recreational
opportunities of the area. For each restoration objective a certain minimum quality can be
formulated, as has been indicated in paragraph 4.5. To evaluate the different alternatives
regarding to their effect on water quality, a mathematical model has been used that is capable
to describe relevant water quality parameters.
Essential to the water quality modelling is the question: to what extent will the eutrophic water
quality situation in the side channels change? The change in discharges and water level
might influence the problems related to eutrophication. Underlying to this question is the
assumption that the quality of the water in the side arms is principally determined by the
hydrological regime: periods of inundation are characterized by low algal abundance and
species richness, whereas lower stream velocities in the abandoned side arms and cut-off
bends show temporary eutrophication (Laczay & Czanyi, 1993).
Because of the existing causal relationship between hydrology and water quality, it is essential
that the water quality model is linked to the hydrodynamic model. Therefore, it was decided
to use the DELWAQ computer package in combination with the WENDY hydrodynamic model
package, DELWAQ uses the same model schematization as WENDY, i.e. the number and shape
of the computational elements in which the Gemenc area has been divided for the
hydrodynamic model was used as input for the DELWAQ model.
The DELWAQ model is a water quality model that calculates the behaviour and fate of water
quality constituents, based on alternatives which have been formulated as input. The
hydrodynamic behaviour of the model area needs to be supplied by the hydrodynamic model
calculations. Dynamic simulations have been performed with the model that describe the
changes of the constituents due to transport and process phenomena.
The model is based on widely accepted formulations for water quality processes connected
to carbonaceous waste, the nutrients nitrogen, phosphorous and silica and the oxygen budget
(Biochemical Oxygen Demand and dissolved oxygen). Important simulated state variables
are: chlorophyll-a concentrations of two functional groups of algae, detritus (dead algae),
nutrients (ammonia, nitrate, ortho-phosphate, silicate) and dissolved oxygen (see Table 6.1).
Water quality processes incorporated in the model comprise processes related to phytoplankton dynamics, mineralization of detritus, nitrification, denitrification, reaeration and
sedimentation/resuspension of suspended material.
The water quality model DELWAQ has been calibrated using a number of input parameters
and the available water quality and meteorological data from the study area (see Table 6.2).
With respect to lacking data, values have been used based on a literature analysis and expert
judgement. Conversions have been applied to the available data to obtain appropriate model
input.
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The output of the model consists of computed concentrations of all state variables. The
computed time series of concentrations can be presented in graphs of different shape.

Overview of water quality model variables

symbol

Dissolved oxygen

DO

Organic carbon (excluding algae and detritus)

C

Detritus carbon (dead algae)
Bottom carbon
Dissolved ammonium-N

N

Dissolved nitrate-N and nitrite-N
Detritus nitrogen (dead algae)
Organic nitrogen (excluding algae and detritus)
Bottom nitrogen content
Dissolved ortho phosphate-P

P

Detritus phosphorus (dead algae)
Organic phosphorus (excl. algae and detritus)
Bottom phosphorus
Inorganic particulate phosphorus
Dissolved silicon

Si

Detritus silicon (dead algae)
Bottom silicon
Algae, diatoms

Alg.

Algae, non diatoms

Table 6.1

List of state variables in the water quality model

The water quality model has been used to analyze the different alternatives with respect to
their impact on water quality. For this analysis it is assumed that no significant pollution
sources exist within the Gemenc area.
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Parameters

Sources of information

Water quality parameters:
District Water Authority of Baja
Biological Oxygen Demand (BOD )
5

Chlorophyll-a

District Water Authority of SzeTcesfeh^rvar

Ammonium
Nitrate

VITUKI

Nitrite
ortho-phosphate
Dissolved oxygen
Waste loads:

Cadastral of communal sewage treatment, disposal and
utilization plants

Biological Oxygen Demand (BOS)
Forcing functions:

VITUKI

Water temperature
Radiation
Day length
Hydraulic parameters:

Hydraulic model ( W E N D Y )

Per computational element:
- volume
- exchange surfaces
- water surface
- flows
- depth

Table 6.2

Available data for the water quality modelling

System and scenario assumptions
Important assumptions for the calculation with the water quality model DELWAQ for the
Gemenc area are:
— The segments of the schematization are completely mixed;
— Every segment has a uniform depth;
— There is no difference between Danube and side channel with respect to the influence
of suspended sediment on the extinction characteristic in the water column;
— The possible influence of vegetation on the extinction in the water column has been
neglected;
— The model calculates daily-averaged circumstances, which may be important with
respect to phytoplankton and dissolved oxygen;
— The phytoplankton species are characterized by only two functional groups, i.e.
diatoms and non-diatoms (not incorporating silicate for growth).
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In some cases, the water quality model calculates limited water depth in the side channels
or even no water at all. It is stressed here that the results of the water quality model for
segments with limited water depth (smaller than 0.5 meter), especially in combination with
longer residence times, have to be handled with great care. Although the calculation of
nutrients will be accurate, the accuracy of the predicted phytoplankton-levels might deviate
significantly under these circumstances.
The water quality of the Danube of course influences the water quality in the side arms,
especially when higher discharges result from the measures. Changes in the Danube water
quality will have their effect on the water quality accordingly. The study assumes that present
water quality will remain stable or might improve over the years (Zotter et al., 1991).
No specific attention has been paid to water quality parameters other than described above.
Loads of heavy metals are reported to be significant, but the concentrations of the more
dangerous heavy metals, such as Ba, A s , Cr, C d , A g and H g are below the threshold values.
Whilst levels of lead and cadmium might reach undesirable concentrations, they are still far
below the drinking water standards (Varga et al., 1990).

6.2.3

T h e Vegetation Model

Basically terrestrial vegetation is determined by a set of environmental factors, both of abiotic
and biotic nature. Inundation frequency is a factor which is known to have a direct and
significant effect on the floodplain vegetation (Margl, 1973; Lazowski & Ldffler, 1991;
Karpfti, 1991). From Schoor & Van Splunder (1993), it can be concluded that the vegetation
types in the Gemenc area as defined by Rademakers (1990) can be grouped on statistical
grounds according to 6 zones. These zones have been used for defining a vegetation model
for the Gemenc area that predicts potential vegetation on the basis of inundation frequencies
and geomorphology (see Table 6.3).
The actual vegetation, i.e. tree species composition existing in the Gemenc area is well
known. Use has been made of a large forestry database, containing information of the tree
species composition, age, height etcetera, for each forestry parcel.
With the Vegetation Model the following questions are addressed:
— what is the influence of the forestry activities on the vegetation ? Taking the inundation
duration classes and geomorphology as a basis, a potential vegetation map has been
produced and compared with the actual vegetation (Figure 4.4).
— in which direction will the vegetation change if inundation frequencies change under
the various alternatives?
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vegetation types

average inundation durati-

geomorphological unit

on (days/yr)
1.

Hardwood floodplain forest

2.
3.

< 18

indifferent

Poplar-Willow floodplain forest

11 - 26

indifferent

Poplar-Willow or Willow-monostand

26-37

indifferent

floodplain forest
4.

Mixed rough herbage

37 - 51

channel fill-up

5.

Willow floodplain forest

37 - 51

mainly point bars and natural levees (not
channel fill-up)

6.

Willow dead arm vegetation

51 - 73

mainly point bars and natural levees (not
channel fill-up)

7.

Willow dead arm vegetation and/or

51 - 73

channel fill-up

reed land
8.

Young Willow vegetation or pioneer

> 73

point bars and natural levees

vegetation or no vegetation
8.

Carex riparia or pioneer vegetation

> 73

channel fill-up

9.

Water vegetation

> 73

other (not point bar, natural levee or
channel fill-up)

10. Main channel

Table 6.3

6.2.4

> 110

open water

Potential vegetation zones according to inundation duration and geomorphology

The Geographical Information System for the Gemenc area

One of the main objectives for using a GIS is the handling of a large amount of geographically
oriented data. Basically GIS can be used in three ways:
— for preprocessing purposes, i.e. organizing data which can be used as input for the
hydrodynamic model;
— for postprocessing purposes, i.e. presenting the output of the models used, such as
the hydrodynamic/morphologic model, the water qual ity model and vegetation model;
— for analytical purposes, i.e. making selections and comparisons using overlay
techniques.
More specifically, the purpose of the GIS is to serve as a basis to present, combine and
analyse basic data, alternatives and effects related to a topographic reference, which basis
can be used for future monitoring purposes as well.
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For the Gemenc GIS use has been made of mainly ARC-INFO and IDRISI routines, both PCbased. The digitizing work for this purpose has been carried out by VITUKI. A computer
demonstration diskette has been produced, which shows the different GIS maps and is included
in Working Document no. 7, (Pedroli & Van Buren, 1993).

6.2.5

Economic analysis

A rehabilitation plan such as envisaged for the Gemenc floodplain is aimed mainly at nature
restoration. Therefore measures and strategies proposed should be evaluated on the extent
in which the nature conservation goals formulated will be achieved. In addition to this an
economic analysis and evaluation is needed, to predict costs and benefits of the proposed
actions.
The economic analysis has to deal with a large number of benefit and cost items, some of
which are difficult to quantify in economic terms. Nature values and landscape amenity, for
instance are intangible variables which are difficult to assess. Partly, these values may
translate themselves in changes in spendings by tourists visiting the area. To realize this
tourists must get opportunities to observe the scenic beauty and be allowed to visit the
Gemenc floodplain. Apart form this recreation value people value the existence of an area
in offering a possibility to visit the area in future (option value). Even if they have no plans
ever to visit the area from an ethical point of view an area rich in vegetation, animals, birds,
etcetera, has a certain (existence and bequest) value to people. In this study the option,
existence and bequest values will not be considered explicitly, as these values already are
accounted for in the nature conservation goals that are strived for. The recreation value and
or tourist spendings are difficult to assess. It depends on the possibilities that will be offered
in future to visit Gemenc, an aspect which is not a study subject. Concerning this aspect the
economic analysis will be restricted to a qualitative description or valuation of the potentials
for economic development viz. tourism.
Other aspects, for which costs and benefits have to be predicted, such as hunting and
fisheries, are difficult to account for because of the complex relation between these aspects
and the proposed measures. There will be many uncertainties in the prediction of the impacts
of a proposed water management strategy on the various functions of the area.
Notwithstanding these difficulties, it is of evident importance that as a part of the analysis
the economic implications be taken into account. This requires the following approach:
1. collection of data on the economic activities in the region related in one way or
another to the Gemenc floodplain (e.g. forestry, hunting, fisheries, tourism).
2. estimation of the investment costs and the maintenance costs of the proposed
measures.
3. estimation of costs and benefits for the various functions involved based on existing
data, predictions and expert judgment.
4. preliminary assessment of the impact on the local and regional economy as a result
of the proposed measures and the impacts on the economic functions.
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To assess the impact on the local and regional economy considering the present situation is
not enough. Certain effects may increase or decrease e.g. depending on the development of
functions over time. Existing scenarios can be used, if available. If not they have to be
developed or (scenario) assumptions have to be made. Below the expected development of
the economic functions, described in section 3.4.2, are discussed.

Navigation
Accurate data on the growth of navigation are not available. In the Gemenc section of the
Danube a more than average growth is wanted leading to a 100% increase in the share in
transport in Hungary. How fast navigation will grow depends on the economic developments
in the East-European countries. A precise figure cannot be given but assuming more than
doubling in 10 to 15 years seems reasonable.

Forestry
The production of wood in Gemenc will not change very much unless the groundwater level
changes. Assuming a constant groundwater level in Gemenc without measures the physical
yield of wood is not affected. However, if nature conservation authorities restrict commercial
forestry and strive for more natural forests, costs of cutting will increase and profits will fall.
Then, lower or even zero profits may be expected. A precise figure cannot be given.

Hunting
Presently Gemenc is overpopulated with deer. As a result of the damages caused by this
overpopulation (to new forest plantations, to agriculture, for food supply) profits probably
are much lower than they might be in the optimal situation with a reduced Deer stock. It is
assumed that this situation will be realized within a couple of years and sustained after that.

Recreation and tourism
A number of surplus summer houses in Gemenc will be removed. The remainder will stay
there except that the owners have to pay considerably higher rents to the authorities. As the
houses become scarce and new ones are not allowed in Gemenc prices may go up. A precise
figure cannot be given.
Recreation and tourism activities at present are relatively low profile. That makes growth
possible. But as long as recreation facilities and tourist accommodation are not expanded and
improved, and the region is not promoted recreation and tourism probably will grow only
slowly or not at all. For the study steady level of activities in future is assumed.
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Fisheries
Commercial fishery is dependent on the fish stock present, fishing techniques applied, the
accessibility of fishing areas and market prices for the fish caught. Assuming all
circumstances remaining equal including sales prices, costs and profits (earnings) will stay
stable over time.
From the above text it becomes clear that accurate and reliable scenarios for the economic
functions can hardly be given. Data are lacking. Therefore it is decided to give qualitative
qualifications only, like growing, fast growing, etcetera.
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Strategy analysis

In this chapter the results of the strategy analysis are presented. The analysis comprises three
major aspects. First the extent to which each of the alternatives is able to realise the
rehabilitation objectives is discussed. For this part of the analysis the model results with
regard to the hydrology, morphology and water quality are compared with the base-case. In
section 7.1.1 this base-case is presented. Then follows the analysis results for each of the
alternatives (sections 7.1.2 to 7.1.5). For each of the rehabilitation objectives the results are
presented, as well as the costs to reach these objectives. Section 7.2 deals with the impacts
on other functions and economics of the Gemenc area. The results of the conceptual sensitivity analysis are presented in section 7.3. The last two sections 7.4 and 7.5 deal with
additional and mitigating measures, respectively.

7.1

Realization of goals

7.1.1

Analysis of the base-case

For the assessment of the impact of the alternatives on the characteristics of the Gemenc area
the predictions need to be compared with the present situation. Both for the present
hydrological situation and the present water quality a base-case has been defined. For the
present hydrological situation the basic schematization, as described in chapter 6, is used.
For the alternatives this basic schematization is adapted corresponding to the proposed
changes in lay-out, cross-sections etcetera. The results of the base-case, i.e. discharges and
streamflow velocities through the side arms, are shown in combination with the results of
the alternatives in Tables 7.1 and 7.4.
Analysis of the present water quality has been based on a calibration run for the year 1986.
A n important restriction for the analysis is the limited availability of monitoring results of
water quality parameters in the side arms. Recently, VITUKI monitored some water quality
parameters in the Ve"n Duna and the Rezeti Duna (Csany et al., 1992; Laczay & Czany,
1993). They observed planktonic eutrophication, especially in the downstream water sections
during low water and unpredictable changes in the planktonic community structure. The
model analysis of the existing water quality situation aimed at a reproduction of these
observations.
The discussion focuses on the water quality at the lower course of the side arms Grebeci
Duna, Rez&i Duna and the V6n Duna because the water quality problems are expected to
be the most severe in these areas.
The water quality model calculates the relative age of water originating from the river
Danube. This variable is very useful in interpreting the influence of the Danube water quality
on the behaviour of the floodplain system. As soon as the relative age of Danube water in
the side arms is dropping to low values, the water quality in the side arms is also dominated
by the water quality situation in the Danube.
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On the other hand, when the relative age of the Danube water in the side arms becomes high
due to low streamflow velocities, the water quality processes in the side arms dominate the
calculated water quality parameters, as is discussed hereafter for the different side arms.
The calculated concentrations of chlorophyll-A and dissolved oxygen show a very dynamic
behaviour expressed in steep increases and decreases in concentration within days. This is
because the input of the model with respect to the solar radiation was on a daily basis.

Gribeci Duna:
The relative age of the Danube water in the Grebeci Duna varied between 5 and 25 days,
indicating that the water quality in the Gre"beci Duna is mainly determined by internal water
quality processes. If the relative age decreases, this can be interpreted as a partial replacement
of water in the Grebeci Duna with Danube water. Consequently the water quality in the
Gr6beci Duna under these circumstances, is determined by the water quality in the Danube.
Until September 1986 the value of the calculated chlorophyll-A concentrations is about 100
to 150 mg/m (see Figure 7.1). In September 1986 the model predicts higher chlorophyll-A
levels. Just before September 1986, the nutrient concentrations and the phytoplankton biomass
in the Danube rapidly increase. The relative age of the Grebeci water drops to low values
during this period, and a considerable amount of nutrients and phytoplankton biomass is
transported into the Grebeci Duna. In September the relative age of the Danube water
increases (lower streamflow velocities) and the developing phytoplankton bloom was not
washed out. The depth of the Gre'beci Duna decreases to low values of approximately 0.4
meter. At these depths light does not limit the phytoplankton growth any more. This results
in a considerable increase of the phytoplankton biomass. The calculated chlorophyll peak is
not very broad. However, the phytoplankton growth soon reaches nutrient limitation. Because
of the phytoplankton bloom in September 1986 the amount of detritus in the water column
also increases. Mineralization processes, requiring oxygen, results in low oxygen
concentrations.
3

Reze'ti Duna:
The model calculates low relative ages of 2 days for the first half of 1986 except for two
smaller peaks reaching levels of 7 to 15 days respectively. The relative age starts to increase
to values of 22 days for the second half of 1986. Thus the water quality of the Reze'ti Duna
in the first half year is determined by the river Danube and in the second half of the year
the water quality is more or less determined by the water quality processes in the Reze'ti Duna
itself. The calculated chlorophyll-A concentrations in the Reze'ti Duna show a dynamic
behaviour (see Figure 7.1). Steep increases and decreases of 60 to 80 mg/m in concentration
succeed each other within a few days. During the first half of the year the calculated
concentrations in the Reze'ti Duna are slightly higher compared to the Danube and they follow
more or less the same pattern. The model calculates lower chlorophyll-A concentrations
compared to the Danube for the second half of the year. This is due to a limited supply of
nutrients from the Danube to the Reze'ti Duna, resulting in limitation of the phytoplankton
growth.
3

7 - 2

delft hydraulics/rws-riza/vituki

Main Report

Floodplain Rehabilitation Gemenc

Ven Duna:
The time series of calculated relative ages of Danube water in the V6n Duna (Figure 7.3)
shows a pattern resembling the calculated relative ages of Danube water in the Grebeci Duna.
The calculated relative ages vary between 5 and 25 days. Two times, in February and June
1986, the V6n Duna water is almost immediately replaced with Danube water. The calculated
chlorophyll-A concentrations in the V6n Duna increase in the months March and April to
a peak concentration of 140 mg/m . Afterwards the concentration drops to values which
alternate relatively fast (due to solar radiation) between 50 to 80 mg/m . During the second
half of the year 1986 the chlorophyll-A concentrations are low compared to the Danube. This
is because the phytoplankton growth in the V6n Duna becomes nutrient limitated in contrast
to the river Danube.
3

3

7.1.2

Alternative I: improvement of the side-channels

Restoration of side-channel habitats
One of the main goals of alternative I is the restoration of the habitats in the side-channels.
This can be accomplished by increasing the discharges through them at low flows. In table
7.1 the model results are shown, which give an indication of the discharges and streamflow
velocities for three different situations: low discharges of the Danube (5%), average
discharges (50%) and high discharges (95%).

3

D I S C H A R G E S (m /s)
Q5%

Q50%

S T R E A M F L O W V E L O C I T Y (m/s)

095%

V5%

V50%

V95%

max

min

max

min

max

min

Grebe
0

0

2.4

0

0

0

0

0.11

0.01

2.4

30

187

0.18

0.13

0.39

0.22

0.75

0.36

0-alt.

0.06

12.2

82

0.08

0.01

0.23

0.02

0.46

0.10

Alt. Ib

0.75

21.4

84

0.14

0.01

0.28

0.03

0.47

0.10

ci
0-alt.
alt.Ia
Rez&i

Ven
0-alt.

0

0

193.5

0

0

0

0

0.38

0.11

Alt.Ic

28.4

97.7

320

0.31

0.06

0.43

0.11

0.73

0.22

0-alt.

0.04

2.1

65.2

0.06

0.23

0.17

0.76

0.25

Alt.Id

0.9

16.4

114.6

0.22

0.11

0.53

0.11

0.94

0.26

0-alt.

0

0

?

0

0

0

0

?

Alt.Ie

2

30

210

0.50

0.11

0.58

0.30

0.62

Moric

Kadar

Table 7.1
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From these results we can conclude that opening of the Grebeci Duna gives a moderate
improvement of streamflow velocities at low discharges. The Rez&i Duna shows almost no
improvement with regard to flow velocities compared to the present situation. For the other
side-channels the picture is more positive. The V6n Duna, the Mdric Duna and the Kddar
Duna all show considerable improvement of the flow velocities.

Water quality
Gr6beci Duna
Due to higher streamflow velocities, the relative age of water in the Grebeci Duna originating
from the Danube has decreased dramatically compared to the relative ages calculated in the
calibration run for 1986. The calculated ages vary between 0.2 and 1.2 days, compared to
5 and 25 days for the 1986 situation.
Due to the higher streamflow velocities resulting in lower residence times of the water in the
Grebeci Duna, the calculated chlorophyll-A concentrations resemble the water quality of the
river Danube. Still the calculated concentrations in the Gre'beci Duna are up to 75 mg/m3
higher than the chlorophyll-A concentrations of the river Danube. This is due to lower water
depths in the Gre'beci Duna: the phytoplankton growth is less limited by light (Figure 7.2).
Rez&i Duna
During the first 9 months of 1986 the calculated relative ages of water originating from the
Danube varied between 2 and 5 days. During the last 3 months, higher ages of up to 30 days
are calculated. In comparison to the Gre'beci Duna, the resemblance between the calculated
chlorophyll-A concentrations in the Reze'ti Duna and the Danube is less pronounced. This
is partly caused by nutrient depletion in the Reze'ti Duna which occurs from July to October.
Also the relative age of Danube water in the RezeTi Duna reaches higher values compared
to the Gre'beci Duna. Maximum chlorophyll-A concentrations of 200 mg/m3 were calculated
(Figure 7.2). Compared to the calibration run for the second half of the year 1986, the
calculated chlorophyll-A concentrations were even higher. The phytoplankton growth in the
scenario run is less nutrient limited, because the Rez&i Duna water is more frequently
replaced by Danube water which never reached nutrient limitating levels. In the last quarter
of 1986 the water did become stagnant. This is potentially dangerous with respect to the
development of extreme phytoplankton blooms. This is not observed in the scenario run
because of (coincidentally) limiting nutrient concentrations.
Ve'n Duna
In the greater part of the year 1986 the relative age of the Danube water in the Ve'n Duna
was 0.4 day and ages greater than 0.7 days were never reached. Compared to the calculated
relative ages in the calibration run, which frequently reached ages of 25 days, this is an
enormous decrease (Figure 7.3). Because of the low relative ages of water originating from
the Danube, the calculated chlorophyll-A concentrations in the Ve'n Duna now more or less
resemble the chlorophyll-A concentrations of the river Danube in this case (Figure 7.2).
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The calibration run shows that the streamflow velocity in the side arms did alternate between
almost stagnant situations and situations for which the streamflow velocities are relatively
high. The latter did not occur frequently indicating that the water quality in the side arms
is the greater part of the year determined by internal processes. Due to low water levels
(almost no light limitation), higher water temperatures in the side arms and no limitation of
nutrients, phytoplankton blooms develop rapidly. Occasionally the water in the side arms is
(partially) replaced with water originating from the Danube. This phenomenon is the
determining factor in the development of the water quality in the side arms. The model
calculates high chlorophyll-A concentrations in the Grebeci Duna due to the combined effect
of hydraulic and environmental circumstances. This did not happen in the Rez6ti Duna and
the V6n Duna because at that time the supply of nutrients from the Danube was not sufficient
to induce phytoplankton blooms.
The variation of the Danube water level can be considered to be a stochastic process. This
means that it is not possible to predict if and when the water in the side arms will be replaced
with Danube water. Therefore it is difficult to predict if a phytoplankton bloom will develop.
On the other hand the water quality model and observations show that occasionally
phytoplankton blooms do develop in the side arms.
In contrast to the calibration run for 1986, the simulation for alternative I shows that due to
greater streamflow velocities, the greater part of the year the water quality in the side arms
is determined by the water quality of the river Danube. Results for the Rez&i Duna show
that this does not necessarily lead to lower chlorophyll-A concentrations. Nevertheless the
water quality in the side arms in alternative I is now much more predictable. Because the
water in the side arms is more frequently replaced by water from the Danube in this situation,
the water quality is comparable to the water quality of the river Danube and extreme cases
of phytoplankton bloom are absent. Another possibility to obtain a stable water quality in the
side arms is to cut-off the side arms, which of course does not comply with the objective of
the rehabilitation plan to restore the habitats of the side arms.

Groundwater
Due to the lowering of the side-channel beds a slightly lowering of adjacent groundwaterlevels
is expected. It is assumed, however, that this will be a local effect only. No quantitative
information is available with regard to this respect.

Diversity in terrestrial vegetation
As the inundation patterns are not likely to change (high water levels of the Danube are not
expected to change significantly, see Table 7.8), there will be no changes in the terrestrial
vegetation pattern in this alternative.
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Costs
The costs of dredging depend on a number of circumstances:
•
costs of hiring the equipment (if planned in idle time of the equipment this costs may
be relatively low);
•
the quantity to be removed in a given time (scale effects, costs of mobilization);
• the accessability of the area;
•
possible financial yields of the dredging materials and costs to realize this yield (e.g.
costs of separation of sand and silt, transportation costs);
•
in case the dredgings cannot be made beneficial the costs of disposal (transportation
from dredging site to disposal places).

Investment costs (initial dredging) and maintenance costs in practice will differ, e.g. because
the quantity to be removed differs. However, exact cost figures are not available. Therefore
both for the initial dredging as well as for maintenance dredging the same all-in cost figures
are used, namely 283 Ft/m . One should realize that in practice dependent on the
circumstances the costs may differ by more than 50% from this figure, e.g. as dredgings can
be made beneficial.
3

The frequency with which maintenance dredging is executed also depends on a number of
circumstances, e.g. the availability of equipment (idle time) in a certain year. The selection
of the scheme will be based on the costs involved, the funds to be raised (lack of money may
lead to delay in dredging), and e.g. adverse effects on nature and economic activities of a
low frequency dredging scheme.
In this analysis yearly dredging of an average quantity is assumed. The yearly dredging costs
are discounted to a present value using an inflation free discount rate of 0.05. Other variable
costs (maintenance of structures, management costs, etc.) are discounted in the same manner.
The total present value including the investment costs is used in evaluating the alternatives.
The present value (PV) of a uniform series of yearly costs (C) over N years using a discount
rate r can be calculated as follows:

(l+r)

N

-1

PV = C x
r(l+r)

N

Principally an endless series of yearly costs should be accounted for. In reality future
developments are uncertain. Taking the uncertainties into account generally a time horizon
of 30 years as a maximum is chosen. Costs (and benefits) after that time horizon are
neglected. A time horizon of 30 years and a discount rate of 0.05 results according to the
formula above in a present value 15.4 times the yearly costs.
In Table 7.2 the present value of alternative I is estimated. Constructions costs probably are
relatively small and are neglected in the analysis. Consequently, the variable costs other than
for dredging are neglected too. In the V6n Duna the first ten years maintenance dredging is
not needed (see section 5.2.1). In calculating the present value this is taken into account.
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Initial dredging

Maintenance dredging

quantity

quantity

3

(mln m )

Costs
(Mln Ft)

3

(1000 m )

Total

yearly

present

present

costs

value (mln

value

(mln Ft)

Ft)

(mln Ft)

side channel
Grebeci

1.24

350

11

3

50

400

Rezeti

0.21

60

8

2

30

90

Ven

0

0

38

11

80

80

Mdric

0.31

90

3

1

10

100

Kadar

0.07

20

6

2

30

50

Total for

1.83

520

66

19

200

720

Alternative I

Table 7.2

Present value of costs of alternative I

By dividing present value of the costs by the total length of side-channel which can be
restored, a cost effectiveness has been calculated for every side-channel except for the Reze'ti
Duna. As the model shows no significant changes in flow velocities for the Reze'ti Duna, there
is not any effectiveness for the measures along the Rez&i to be expected. Table 7.3 gives
the cost effectiveness expressed as the costs per km improved side-channel. This score card
also presents the results for the water quality, presented as the direction of change of the algae
biomass.

restoration side

Grebeci

Rez&i

Ven

Moric

Kadar

+/-

0

+

+

+

lower

0/higher

lower

lower

0

slightly lower

slightly lower

slightly

slightly lower

0

channels
eutrophication (algae
biomass)
groundwater

lower
diversity terrestrial

0

0

0

0

0

48

-

19

24

24

vegetation
cost effectiveness
(million Ft/km)

NB :

Table 7.3
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Rehabilitation of the Szeremlei Duna

Introduction
Unfortunately, the rehabilitation of the Szeremlei Duna could not be addressed in the same
detail as the rehabilitation of the other side arms of the Danube in the Gemenc area. Still
some considerations can be given on the basis of a comparison with the side arms studied.
Due to the long history of dam obstruction, the rehabilitation will present a serious challenge.
Sedimentation will be a major problem in this arm unless it will be deepened considerably.
At any rate major dredging works should be carried out, both for reinstatement of the former
stream dynamics and for maintenance.

Relative age of the water
The development of the relative age of the Danube water in the Szeremlei Duna is fairly
comparable with the situation in the V6n Duna in the periods January-March and SeptemberDecember. In the summer period it is more comparable with the Rez&i Duna.

Chlorophyll-A
The computed Chlorophyll-A concentrations in the Szeremlei Duna in the period JanuaryMarch do not deviate from those in the other side arms. This could be expected since in this
period photosynthesis is neglectable. In the period April-May Chlorophyll-A concentrations
in the Szeremlei Duna are very much like the ones in the Reze'ti Duna. This is in accordance
with the above observation of comparable age development of Danube water in both arms.
However, unlike in the Ve'n Duna, in September serious algal bloom can develop, although
age development is comparable. This is probably due to the longer length of the Szeremlei
Duna, inhibiting nutrient limitation.

Conclusion
The rehabilitation of the Szeremlei should be studied in more detail. Removal of dams would
mean a major hindrance of access to the area which is important from a recreational and
agricultural point of view, unless a bridge would be constructed. Also the required regular
maintenance dredging will cause much disturbance to the ecosystems in this arms, due to the
small width of this channel. Creative solutions are required here to solve these problems to
an acceptable level.
Both in the Szeremlei and in the Ve'n Duna the relative age of the Danube water can be very
high due to the dam obstructions to the through-flow. For the Ve'n Duna we observed that
the simulated removal of dams would increase the stream velocities to the extent that they
are comparable to those in the Danube. Assuming that a similar measure would have the same
effects on the stream velocities in the Szeremlei Duna, the water quality would considerably
profit. We suppose, however, that due to the longer length of the Szeremlei Duna, the water
quality would develop more as in the Reze'ti Duna.
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Alternative II: a new lateral channel

Restoration of the side-channel habitats
Table 7.4 presents the results of the hydrological model for the different stretches. The
stretches are numbered as illustrated in Figures 7.4 and 7.5. The model results for Alternative
Ha show that the long lateral channel starts flowing at low discharges. At
flow velocities
over the whole stretch are in the order of 0.25 to 0.45 m/s. Notice that where the water
enters the Rez6ti, flow velocities are slightly decreasing, due to the relatively large width of
the channel.
Alternative lib gives a different perspective. The part of the lateral channel which is formed
by the Ve'n Duna shows considerable increase in discharges and velocities, but along the
Csertai and further downstream to the junction with the Danube discharges and velocities drop
sharp, especially at Q : the major part of the water will simply follow the old Ve'n Duna.
Construction of a dam downstream will reduce the problem of sedimentation, but will not
increase discharges through the Csertai, because of its smaller dimensions.
x

3

D I S C H A R G E S (m /s)

Q5%

Q50%

S T R E A M F L O W V E L O C I T Y (m/s)

095%

V5%

max

V50%

min

max

V95%

min

max

min

Stretch
Alternative Ha: Long lateral channel (22 km)
0

0

2.4

0

0

0

0

0.11

0.01

1

1.7

29

183

0.14

0.1

0.38

0.3

0.75

0.43

2

1.6

27

146

0.12

0.11

0.35

0.34

0.61

0.60

0-Alt. (Grebeci)

0-Alt.(Rez<5ti)

0.06

12.2

82

0.08

0.01

0.23

0.02

0.46

0.10

3

1.4

26

152

0.18

0.08

0.24

0.23

0.50

0.32

4

2.0

31

150

0.17

0.16

0.44

0.43

0.62

0.60

5

2.0

31

167

0.25

0.17

0.45

0.43

0.70

0.67

Alternative l i b : Short lateral channel (8.8 km)
0-Alt. (Ven)

0

0

193.5

0

0

0

0

0.38

0.11

1

28.7

105.9

324.8

0.31

0.06

0.58

0.12

0.71

0.19

2/3

0.18

22.57

152.5

0.05

0.04

0.34

0.32

0.64

0.62

Table 7.4
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Figure 7.4

1000

Additional branches used by the hydrological model for Alternative Ha
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Figure 7.5
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1000

Additional branches used by the hydrological model for Alternative lib
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Water quality
Algal blooms may develop if residence time of water in the channels (relative age) is longer
than 3-5 days. Residence time predictions for the alternatives Ha and lib are not available,
but some information can be obtained from the flow velocities in Table 7.4. In alternative
Ha flow velocity at low discharges will resemble those in alternative I, but because of the
greater length of the channel the relative age of the water will become considerably (roughly
three times) larger. This means that the chance of occurrence of algal blooms and oxygen
shortages is larger than in alternative I, especially in the downstream part of the channel. In
alternative lib flow velocity at low discharges is very low as compared to the other
alternatives, and with respect to water quality this is probably the least attractive alternative.

Groundwater

As in Alternative I the groundwater levels are likely to reduce locally.

Diversity in terrestrial

vegetation

As the inundation patterns are not likely to change (high water levels of the Danube are not
expected to change significantly, see Table 7.8), there will be no changes in the terrestrial
vegetation pattern in this alternative.
Costs
In Table 7.5 the present value of the costs of alternative II are presented. The present value
is determined in the same way as for alternative I. For alternative II the channel under the
Baja-B2tasz6k bridge needs strengthening. A very first estimation of the costs, by supposing
a 25 m long structure (railway and highwaybridge together) is 12.5 to 23.2 million Ft. For
the calculations the figure of 24 million Ft. is used. The yearly maintenance costs of this
additional structure is estimated at 4% of the investment costs.
In alternative II, especially Ila, large channels are made. As a result the transportation costs
of the dredgings to the disposal site will be higher than the average values used. So probably
the costs of this alternative are underestimated compared to alternative I (see Table 7.2).
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Investment costs

Variable costs

quantity to

Costs

yearly

yearly

present value

present

be dredged

(Mln Ft)

quantity to

costs

(mln Ft)

value

be dredged

(mln Ft)

3

(mln m )

Total

(mln Ft)

3

(1000 m )
Alternative
Ha. Long
lateral channel
- dredging

2.20

- rail bridge

620

10

24

total

3

40

660

0.96

14.4

38.4

2.20

644

10

3.96

54.4

698.4

0.68

190

38

11

170

360

0.96

14.4

38.4

11.96

184.4

398.4

lib. Short
lateral channel
- dredging
- rail bridge

total

Table 7.5

24

0.68

214

38

Present value of costs of alternative II

Similar to Alternative I the present value of the initial and maintenance costs are determined
and divided by the length of the lateral channel. Although initial costs of Alternative Ha are
quite high (644 million Ft), the cost effectiveness is nevertheless reasonable. This is due to
relatively great length of the lateral channel (22 km) and because maintenance dredging is
quite limited.
Table 7.6 summarizes the analysis results for Alternative II.
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Ila

lib

+

+/0

0/higher

higher

groundwater

slightly lower

slightly lower

diversity terr.

0

0

31.8

45.3

restoration side
channels
eutrophication (algae
biomass)

vegetation
cost effectiveness
(million Ft/km)

NB :

Table 7.6
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0 means no difference compared to present situation

Score-card of Alternative II with respect to rehabilitation objectives and costs

Alternative III: the Sid

Restoration of the side-channel habitats
Because of the limited discharges available in this alternative, no year-round increase of flow
velocities are expected to occur in the main side arms of the Gemenc area. Only the Keselyus
channel will show periodically increase in velocities.
Water quality
Because of the same argument described above, it is unlikely that alternative III will have
an effect on the water quality in the larger side arms. Improvements of the water quality can
be expected, however, in the dead arms, the Decsi lakes. The water quality of the Sid is also
of relevance here, of course. Still, although the Sid is expected to carry nutrients, a great
part of it will be used by the marshy vegetation that will develop in the inundated area over
the northern part of Gemenc, before it reaches the lakes.
Groundwater
One of the most important effects of the Sid alternative will be the recharge of the
groundwater. A significant part of the 16 to 20 million m which enters the area each year
will find its way to the groundwater. Thus over an area of about a quarter of Gemenc
groundwater levels will rise substantially. Further study and groundwater modelling is needed,
however, to quantify these expectations.
3
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Diversity in terrestrial vegetation
Significant changes in the inundation pattern will arise over the northern part of the Gemenc
area. Especially in areas with a clay soil more humid conditions will prevail, which enhances
the growth of reeds and other marshy vegetation. From a viewpoint of the whole Gemenc
area, this means that a currently under represented type of vegetation will increase, which
is favourable with regard to the diversity.

Costs
The costs for alternative Ilia will mainly consist of an adaptation of the weir i.e. raising the
crest level by one meter and a culvert under the dyke. A rough estimation of the investment
costs is 450 million Ft. The yearly maintenance costs are estimated at 4% of the investment
costs, which gives a present value of 280 million Ft. Hence, the total costs expressed as
present value are in the order of 730 million Ft.
3

For alternative Illb the pumping costs may be substantial. Assuming 20 million m to be
pumped over during 14 days a year, this means a total pumping capacity of 16,5 m /s.
3

3

Pumping one m needs an energy input:
(m x g x hp) / n
2

in which m = mass (1000 kg), g = accelaration of gravity (10 m/s ), h = pumping head
(5 m) and n = efficieny (0.4)
p

3

This results in an energy requirement of 125,000 Joule/m . The conversion factor is:
7

1 Joule = 2.8 x IO" kWh
3

So the energy need is 0.04 kWh/m . With a price of energy of 30 Ft/kWh (diesel oil) and
a total of 20 million m to be pumped the costs wil be 24 million Ft. In addition to these
energy costs, also the recurrent costs of mobilization/demobilization and labour cost have
to be taken into account. As the large amount of water to be pumped in a relatively short
period, large pumps are needed, which inevitably require a firm foundation. A n estimated
6 million Ft in addition to the energy costs seems therefore reasonable. Hence, the total
yearly costs are approximately 30 million Ft, which is equal to a present value of 462 million
Ft.
3

Table 7.7 summarizes the analysis results for alternative III.
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Ilia

Illb

0

0

eutrophication (algae

possibly

possibly lower

biomass)

lower

groundwater

higher

higher

diversity terrestrial

higher

higher

730

462

restoration side
channels

vegetation
costs (million Ft)

NB :

Table 7.7

0 means no difference compared to present situation

Score-card of Alternative III with respect to rehabilitation objectives and costs

7.2

Impacts on other functions and economics

7.2.1

River management and navigation

Safety against flooding
With respect to the effects of the alternatives on the high waterlevels in the Danube, the
model calculations show that for Q*, waterlevels remain more or less similar to the base-case,
or slightly lower. In Table 7.8 extreme high waterlevels are given for the relevant stretches
of the Danube. It may seem that for the Gre'beci Duna the water levels would become higher
(in the order of a few cm), but actually this is not the case. Because in the alternative situation
the inlet of the Grebeci is about 900m upstream, the reference value of 89.4 mBf should also
be increased by several cm.

Ice-dams
The criterion used for the possible effects on the occurrence of ice-dams is the change in
Danube discharge due to modifications in the water system. As a threshold value the
discharge through a side-channel may not exceed 10% of the river discharge at high-water
flow. Table 7.10 presents the discharges of both Danube and side arms at Qoo. These
predictions indicate that there is no real danger for an increase of ice-problems in the Danube
for Alternatives I and II. Alternative III, of course does not affect the ice-jamming.

delft hydraulics/rvvs-riza/vituki

7-19

Main Report

Floodplain Rehabilitation Gemenc

Navigation
It is expected that none of the alternatives will violate the navigational water depth
requirement. The computations show a small aggradation of the river bed, but a reduction
of the navigational margin always remains very limited, except for one situation near the
Gre'beci Duna (km 1493) (see Table 7.9). Here the navigation margin is only 26cm. In the
alternative I and IIA this margin would be further reduced by 15 to 18 cm. Near the Ve'n
Duna an aggregation is expected of about 50 to 60 cm, but as the navigation margin here is
quite substantial (2 to 3.5m), no problems are expected here.

Side currents
Like the problem of ice jamming, for the occurrence of side currents the criterion of the
discharge ratio between Danube and side-channel is used. As a threshold the 10% rule is
used. As can be seen in Table 7.10, for none of the alternatives a significant increase in sidecurrents is expected. The only exception, however, is the behaviour of the Ve'n Duna in
Alternative I and l i b . Due to a significant additional discharge from the floodplain at high
waters, the discharge near the outlet of the Ven Duna may be considerably larger than near
the inlet. Measurements have shown (see Laczay & Czanyi) that this additional discharge is
in the order of 100 to 200 rrrVs. In that case the Q Ven Duna discharge reaches 400 to 500
m /s, which is near or above 10% of the main river discharge.
9 J

3

Stability of the main channel
The only side-channel which is sensitive for cut-off is K2dar. Natural river processes would
likely have resulted in Kadar Duna becoming the main channel, if not a dam had been built.
Therefore, the opening of the dam, as proposed in Alternative I, has been kept small (20m).

7.2.2

Forestry

In most of the alternatives some forest will have to be cut because of the dredging works.
This will not lead to direct losses for forestry as the wood can be sold. But then of course
some hectares of forests will be lost for production. In Table 7.11, the number of hectares
lost of production forest and protected forest lost are estimated.
Due to the lowering of the side-channel beds in alternative I and II it is expected that locally
the adjacent groundwater levels will lower slightly. This may have some (negative) effect
on forestry, but the effects will be small. Also the transportation costs of wood will increase
as the access to forest parcels will be affected by the channels. Net profits in forestry may
decline somewhat with alternatives I and II.
Alternative III (intake of Sid water) is favourable for forestry in the northern part of Gemenc.
Yields in forestry will increase as groundwater levels over an area of about one quarter of
Gemenc will rise substantially, while transportation costs are hardly affected. Net profits may
increase with alternative III.
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High water levels (model results for Q99 (5700 m'/s)

Grdbeci-Duna
distance

ref.

alt2a

distance

altl

m

mBf

(greb. part)

m

mBf

0

89.4

89.58

0

750

89.4

89.54

0975

89.56

1500

89.4

89.50

1950

89.51

2250

89.4

89.46

2925

89.46

3000

89.4

89.42

3900

89.42

4100

89.4

89.38

5000

89.39

4100

89.4

89.38

5000

89.39

5200

89.4

6100

89.37

6300

89.4

7200

89.35

7400

89.4

8300

89.33

Rezdti-Duna
distance

present

altl

m

mBf

mBf

0

89.34

89.27

2250

89.33

89.26

alt2a
(part Rez&i)

4500

89.31

89.26

89.30

6900

89.27

89.21

89.28

9300

89.22

89.15

89.21

11300

89.21

89.14

89.19

13300

89.20

89.14

15300

89.20

89.14

Ven Duna
distance

present

altl

m

mBf

mBf

0

89.16

89.09

1100

89.14

89.02

2100

89.02

88.98

3200

89.01

88.98

4300

89.01

88.97
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Moric-Duna
distance

present

altl

m

mBf

mBf

0

88.83

88.81

1000

88.73

88.72

2000

88.64

88.64

3000

88.61

88.63

4000

88.59

88.61

Table 7.8
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km

navigation-margin

bed-level change

+ = aggradation

M V S z '90

alt I

alt Ha

alt lib

m

m

m

m

1467

3.95

1648

1.58

1469

3.27

1470

5.91

1471

2.79

0.17

0.15

0.13

1472

0.65

-

0.15

0.13

1473

1.62

-

0.15

0.13

1474

1.75

0.05

0.15

0.13

1475

0.67

0.05

0.15

0.13

1476

1.62

0.05

0.15

0.13

1477

1.14

-

0.15

0.13

1478

1.37

0

0.15

0.13

1479

3.28

0.15

0.13

1480

1.03

0.15

0.13

1481

2.13

0.51

0.15

0.66

1482

3.56

0.51

0.15

0.66

0.15

0.66

0

Kadar

M6ric

-

Ven

1483

1.37

-

1484

1.59

0

0.15

1485

0.97

-

0.15

1486

1.07

0.02

0.04

1487

0.94

0.02

0.04

1488

1.83

-

0.15

1489

1.17

0

0.15

1490

1.41

0.15

0.18

0.15

0.18

0.15

0.18

0.15

0.18

1491

2.12

1492

1.81

1493

0.26

1494

1.13

1495

0.50

1496

1.67

1497

0.78

1498

1.67

Table 7.9
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Location

Danube Q

Q95

Q95

Q95

Alternative I

Alternative HA

Alternative IIB

Rezeti Duna

84-143

152-113

_

Ven Duna

320

Moric Duna

114

Kadar Duna

210

9 5

4300-3987

325

—

—

3

Table 7.10 Comparison between discharges in m /s of the Danube and side-channels at high water

alternative

forest lost (ha)

alternative

stretch

I

Ha

lib

III

production forest

protected forest

Total

Grebeci (A )

13.0 (17.1)

0

13.0 (17.1)

Rezeti

0

0

0

Ven

0

0

0

Mdric

16.6

0

16.6

K4d£r

0

0

0

total

28.2

0

28.2

Grebeci

17

0

17

Grebeci - Rez&i

1.5

4.1

5.6

Rez&i

0

0

0

Rezeti - Csertai

0

7.2

7.2

Csertai

3.5

0

3.5

Csertai - Nyeki

2.1

1.7

3.8

NyeTci

3.8

10.6

14.4

total

27.9

23.6

51.5

Csertai

0

0

0

Csertai - Nyeki

4

3

7

NyeTci

10

10

20

total

35

13

48

-

-

-

-

1

Table 7.11 Areal extension of the dredging works associated with the alternatives
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Hunting

The growth of vegetation in Gemenc as food supply for the deer is dependent on groundwater
levels. When groundwater levels are lowered damage to agriculture and forestry and costs
of food supply may increase making hunting less profitable. With alternative I and II
groundwater levels may be lowered somewhat locally. This may affect hunting profits, but
the effect will be small.
Alternative III may lead to less damages and costs to hunting as groundwater levels will rise
in about a quarter of the Gemenc flood plain favouring growth of vegetation.

7.2.4

Fisheries

Connectivity
Connectivity has been defined as the number of days per year on which discharge is larger
than 0. In the present situation the connectivity is rather low for most of the side-channels,
except for the Reze'ti (see Table 7.12).

Side-channel

number of days Q > 0

Grebeci

18 - 109

Rez&i

255

Ven

18-109

M6ric

183

Kada>

0

Table 7.12 Connectivity

There will be no considerable differences in connectivity between alternatives I, Ila and l i b ,
because all channels are designed to have running water down to Q (connectivity 347 days).
5

Flow velocity
Flow velocity has been defined as the percentage of length of the channel at which velocity
is in each of the following four classes, at low, medium and high discharge: <0.1; 0.1-0.3;
0.3-0.8 and >0.8 m/s. In Table 7.13 the distribution is given for each of the alternatives
(except the Sid alternative). The present situation is given in parenthesis behind figures of
alternative I.
In alternative I velocities show a nice range of values without going into the extremes much,
except for very low velocities in the Reze'ti Duna at low and medium discharges. Advantage
of alternative I is that a large diversity in velocities can be obtained. Alternative Ha resembles
alternative I with respect to velocities, with a tendency to slightly lower values. Alternative
lib shows very low velocities at low river discharges as compared to the other alternatives,
but relatively high values at high discharges.
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Q

Alternative

<0.1

0.1-0.3

5%

Ia-Grebeci

(100)

100

0.3-0.8

Ib-Rez&i

90 (100)

10

Ic-Ven

10 (100)

80

Id-M6ric

(100)

100

Ie-Kadar

(100)

80

Ila

20

80

lib

70

30

(100)

50

30 (30)

70 (70)

(100)

20

80

30 (100)

70

50%

Ia-Grebeci

Ib-Rez&i
Ic-Ven
Id-M6ric

(100)

>0.8

10

20

50

100

Ie-K4dir
Ila

50

50

lib

10

90

40 (50)

60 (50)

10 (20)

90 (80)

95%

(100)
Ia-Grebeci
Ib-Rez&i
Ic-Ven
Id-M6ric

100

80 (100)
(100)

20

100

Ie-Kadir
Ila

100

lib

100

Table 7.13 Flow velocities distribution

Water quality
Reduction of algae biomass is in general beneficial for the fisheries. This can be expected
for the alternatives Ia, Ic and Id. Alternative Ila may also improve the water quality to a
limited extent, whereas Alternative lib is not likely to have a positive influence on the water
quality. Although alternative III has a positive effect on water quality, this is mainly restricted
to the Decsi lakes, which are of no importance for the fishery.

Costs and benefits
Fisheries probably will benefit from alternatives I and II. The accessability to waters rich in
fish (side arms) is improved, fish abundancy and growth may improve. So the costs to catch
a kg of fish may decline and the catch might increase.
Alternative III has no effect on water flows in the side arms and therefore will have no direct
impact on fisheries. But indirectly fish stocks may improve as new fish reproduction areas
are created in the Keselyus area.
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7.2.5

Recreation

Landscape

perception

The characteristicity of the Floodplain Landscape as a natural floodplain will benefit
considerably by the rejuvenation of the side channels and increased natural fluvial dynamics.
The area will be more recognizable as a floodplain, especially where the side channels meet
recreation facilities or cross the roads. This will be the case in a number of situations, notably
in Alternatives Ha and l i b . Through proper public education activities the improved
characteristicity will be perceived as well in the case of the other alternatives. Only in the
alternatives lb (RezeTi) and Ie (Kadar) no significant improvement of the characteristicity is
expected, due to the limited hydrodynamic and morphological effects. The Sid alternative
may also have a positive effect on characteristicity of the floodplain, by improving the
wetness of the Keselyus area.
The diversity of the landscape, as reflected in differing vegetation types, will slightly increase
through the measures, because more water is introduced in the area. Especially the
alternatives Ia and Id will result in more water-related vegetation, now lacking. The
vegetation composition as such, and the amount of older trees will not change on the short
term, and hence will have no effect on the diversity. The openness will only temporarily
increase by the measures, but compared to the clear-cutting practice in forestry, this is
negligible.
Accessability
The accessability of the area for small non-motorized tourist boats will improve considerably,
especially through the opening of side channels. Hence, alternatives I and II in all variants
except for Ie improve the accessability, whereas the Sid alternative slightly decreases the
accessability because of increased wetness.
Another effect is the possible inundation of the Keselyus tourist centre, and two smaller
residences, which are situated below the required inundation depth of the Sid temporary
storage lake of 90 m in Alternative Ilia. The details of this effect should be studied in more
detail.
A n additional effect is the required removal of a couple of summer cottages on the banks at
the inlet of the Rez&i Duna. This does, however, not strictly relate to the proposed measures.
Water quality
With respect to the recreational value of the waters in the Gemenc area, water quality is an
important criterion. Here too the reduction of eutrophication is a major objective. Alternatives
Ia, Ic and Id all show an improvement of the water quality in the side arms. Alternative III
does not likely influence the water quality in the side arms.
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alternative
alternative

recreation effects
stretch

landscape

accessability

perception

swimming water
quality

Grebeci

+

+

+

Rez&i

0

+

0

Ven

+

+

+

Moric

++

+

+

Kadar

0

0

0

IIA

++

++ +

0

IIB

+

+

07-

III

+

-

0

I

Table 7.14 Summary of recreation effects

Costs and benefits
If access to the side arms is allowed recreation (angling) may profit from alternative I and
II (compare fisheries). Economic benefits probably will be small. Alternative III probably
has no impact on angling.
Tourism hardly will be affected by the alternatives. Only, when access to the area is allowed
( for boating in the side arms with alternative I and II) tourism may benefit. Potentially, the
Gemenc area becomes more attractive to tourists, but to realize benefits (economic
development in the region as a result of spendings by tourists) access to the area has to be
allowed.

7.2.6

Overview of economic costs and benefits

In Table 7.15 an overview of the net present value of the costs and benefits of the alternatives
are presented. The benefits are indicated only qualitatively, as more precise estimations could
not be made on the basis of the available data and predictions.
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Alternative I

Alternative Ila

Alternative lib

Alternative

Alternative

opening side

long lateral

short lateral

Ilia

Illb

arms

channel

channel

(weir)

(pump)

Investment costs

520

644

214

450

0

Maintenance

200

54.4

184.4

280

462

720

698.4

398.4

730

462

- navigation

0

0

0

0

0

- forestry

-

-

-

- hunting

0

0

0

++
+

++
+

Cost/benefit item
Costs:

costs
Total costs
Benefits:

- recreation
(angling)

+

+

+

0

0

- tourism

0"

0*

0*

0

0

- fisheries

+

+

+

+

+

Total benefits

+

+

+

++

+

Potentially, the Gemenc area becomes more attractive to tourists. Benefits (economic development of the region
as a result of spendings of tourists) can be realized only if tourists get access to the area (side arms).

Table 7.15

Overview of net present value of the costs and benefits of alternatives

From Table 7.15 it becomes clear that most of the impacts on economic activities probably
are relatively small, except the impacts of alternative III (intake of water from Sid). The
beneficial impacts of alternative III on forestry and hunting are probably significant.

7.3

Sensitivity of the results with respect to the assumptions

Hydraulic morphological model
For the hydrological modelling the assumption is made that at the inflow-boundary no significant erosion or aggradation have taken place. Figure 3.2 shows that between 1938 and 1970
indeed no significant changes in bed-level appeared. In case of erosion of the Danube bedlevel in the future, the water-level in the Danube decreases resulting in enlarging the nonflowing period of the side-branches and in decreasing the inundation frequency of the
floodplain.

Water quality model
In situations with very little water in the side arms the inaccuracy of the model is high. In
these circumstances deviations may be expected from the calculated figures with a factor of
two or more.
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The impact of heavy metals on the ecosystem is, among other effects, a limitation of the algae
growth at high metal concentrations. There a no indications that high concentrations are
present and therefore not included in the modelling.
Under the scenario of a reduction of nutrient concentrations of the Danube, this will result
in the base case in lower algae concentrations in the side arms because of nutrient limitation
effects. A reduction of algae concentrations in the Danube will have only a limited impact
on the water quality in the side arms, because there is an autonomous growth of algae in these
side arms. With respect to alternative I one may conclude that the water quality of the side
arms is mainly determined by the quality of the Danube water. A n improvement or
deterioration of Danube water will hence have a direct effect on the water quality in the side
arms.

Vegetation model
Main assumptions used for the vegetation model are the supposed direct relation between
inundation duration and vegetation composition, and the restriction that only land form
(geomorphological unit) will cause differentiation in the resulting pattern. Of course, a good
soil map would improve the model results, but the main lines of the vegetation pattern are
believed to be reliable. Moreover, the response of vegetation to habitat parameters is not yet
known in much detail. The empirical relations assessed by Rademakers (1990) en Schoor &
Van Splunder (1993) are very valuable and unique in this respect, but in fact are based on
data from a limited number of transects within the Gemenc area only. However, especially
the differences between the areas of potential hardwood and softwood forest can well be
deduced from the vegetation map, with mapping boundaries attaining an estimated accuracy
of about 100 m. Less can be concluded on the development of riparian vegetation types, since
they are more ephemeral. This picture must not be seen as a static one, since the time needed
for the development of the different vegetation types differs. However, the differentiation
in habitat types indicated by the potential vegetation map should be taken as a basis to
delineate development potential of the Gemenc floodplain.
The influence of groundwater on the vegetation development has been neglected in the model,
because relevant information is lacking. This parameter is very difficult to assess anyway,
since the spatial and temporal variability are high, and historical groundwater dynamics is
unknown. This aspect deserves more attention in future, especially because it is one of the
triggers of the rehabilitation ideas.

Economy
The investment costs of initial dredging and the maintenance costs of dredging all are
determined with the same all-in costs for dredging. In reality costs of dredging will differ
depending on the location (distance to disposal site) and circumstances like the possibility of
making money out of the dredgings by selling it. As a consequence the actual cost figures
will range from a value about 50% lower than the average to a value about 50% higher.
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As long as the estimated costs are all over- or underestimated to the same extent conclusions
will not be violated. However, this is not the case. In alternative II (construction of lateral
channels) transport distances of dredgings will be much longer than for alternative I. So
compared to alternative I the costs of alternative II will be underestimated. This relative
underestimation is worst for alternative Ila with the long lateral channel and somewhat less
important for alternative lib (short lateral channel).
The benefits for forestry and hunting of alternative III depend strongly on future
developments. In case nature conservation measures (like selective cutting) are implemented
net profits for forestry might fall significantly. In that case benefits from alternative III might
be less significant. More or less the same holds for hunting. When the deer stock is decreased
the (incremental) benefits from alternative III might drop significantly.
As a result of alternative I and II touristic potentials increase. To translate that in economic
development access to the Gemenc area (at least the side arms) must be allowed. Moreover
the quantity and quality of touristic facilities (hotels, etc.) in the area has to be improved and
strongly promoted. If and how many foreigners will then visit the area is also dependent on
infrastructure, political stability in the area, etc. However, when these prior conditions are
met chances of success of the touristic and economic development are considered high.

7.4

Additional measures

Since the policy analysis for this project was restricted to water management, one can imagine
that additional measures could be proposed to better achieve the rehabilitation objectives,
especially in the sphere of forest management, wildlife management and recreation
management. But also smaller scale water management measures can still be considered. A
global survey of additional measures is given below.
Water management
It has been proposed by several people concerned with the Gemenc area, that the traditional
"fok" system of interconnected water bodies could be taken up again (Zsuffa, 1991). There
seems not to be any objection to this idea. It could substantially improve the water quality
in the associated dead arms, by retaining enough water after large floods, and also the
groundwater recharge and fish spawning could profit. Main problem is the realization, which
heavily depends on the maintenance efforts of individuals involved.
Floods use to come at irregular times, which does not allow planning of the work on the foks.
Access to the foks should be ensured, which could mean disturbance of wildlife, but this
should not be a serious constraint. Probably proper fok management would be best guaranteed
by setting up a non-profit organisation for that, subsidized by the authorities for nature
conservation.

Wildlife management
It is clear that the game stock in the Gemenc area is far beyond natural. When it is chosen
to attain more integrity of the ecosystems present, a reduction of the game a prerequisite.
At any rate, extra winter-feeding is not desirable for a natural population to develop.
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Forest management
To increase the integrity and diversity of the natural floodplain ecosystems, at least part of
the area should be allowed to develop without any forestry activities, while around these
nuclei buffer zones with limited activity should be established. There should be put into action
strict regulations in accordance with a sound forest management plan to safeguard these areas
from undue influences. It might be necessary to close some access roads for this purpose.
It would be very important to set up a publicity campaign under the local forestry people that
their forest is worth preserving because of its unique natural value, beyond its economical
value.

Water and soil pollution
Of course a major improvement for the sustainable development of the Gemenc area would
be the improvement of the water quality, both in the Danube and in the Sid. It should be
stressed that also the recreation residences, and the hunting lodges cause pollution, although
the exact extent is not known. A promising additional measure in this respect might be the
introduction of water purification marshes, especially where continuous amounts of organically polluted water enter the area (Reddy & Smith, 1987; Szilagyi et al., 1987). The former
Danube course where now the Sid channel is flowing, would be an excellent opportunity for
such measure, to increase the biological quality of the Sid water. This would also improve
the sustainability of introducing Sid water into the Gemenc forest.

Recreation and hunting
Although recreation is not a very wide-spread activity within the forest, regulation of this
function needs improvement. Wildlife is very susceptible for disturbance. Measures can and
should be taken to guide recreational access to the least vulnerable sites. Also here, measures
should be accompanied by proper publicity campaigns to explain the rationale behind the
measures and to improve the consciousness of the people for the unique values of the area.
The recreation potential of the Gemenc area must not be underestimated. The area represents
a unique reference area for floodplains, without parallel in whole Europe. Even in the
present, far from ideal, state, the Gemenc area can serve as a field observation station for
processes to be introduced again in the Rhine. Therefore, not only normal nature-friendly
tourism can develop strongly, also eco-tourism has great chances here. As soon as the
necessary National Park Status has been assigned to the Gemenc, also foreign support for
this aspect could be applied for, e.g. in the PHARE programme on eco-tourism.

The existing plans to build a public information centre on the left bank Pandur Island
southwest of Baja, are strongly supported. Old habits, traditions and handicrafts could very
well be presented there in a lively atmosphere. Hotel accommodation and other tourist
facilities should preferably be concentrated at the same place, to avoid disturbance on the
right bank. Small boat excursions could well be integrated in these plans.
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Mitigation measures

Mitigation measures can serve the purpose to counteract negative side-effects of proposed
measures on any function. Below, a global survey is given of the r egative side-effects
discerned in the project, and possible mitigation measures. Most of these measures should
further be studied on their feasibility.

delft

• reduced accessability for forest management
and fisheries activities

construction of small quays at Danube banks
for access from the river

• drop of groundwater levels along deepend
or newly dredged side arms

small scale rehabilitation of "fok" system
associated with irrigation of nearby areas
through wind or solar energy

• navigation hindrance by side currents at
outlet of the Ve'n Duna

small river training structures should prevent
hindrance if this would occur

• siltation of the side arms after deepening

sand traps and proper inlet structures could
prevent siltation to a certain extent

• residences at Keselyus Tourist Centre

surrounding of these 3 residences by small
levees could prevent them from being
inundated two time a year in Alternative III

• unfavourable Si6 water quality

reed beds as proposed in section 7.4. could
improve this situation
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Implementation
Research needs

Water management
The possible side currents in the Danube at the outlet of the Ven Duna should be properly
studied. Plans already exist to set up a physical scale model for this situation.

Ecology
A proper geobotanical and faunistic survey of the area should be implemented as soon as
posible to have an impression on the current state of the environment. Especially in those
areas where measures will be taken a detailed inventory is appropriate.

Forestry
Research into an integrated multipurpose forest management is highly recommended.
Cooperation with foreign institutes, having experience in this field might be very helpful in
this respect.

Groundwater hydrology
The efforts started by Prof. Zsuffa in cooperation with Equipe Cousteau and Nature Conservation Authority concerning groundwater monitoring should be strengthened, to assess the
long year groundwater dynamics in the area.

8.2

Monitoring programme

8.2.1

Aims

When dealing with such complicated problems as the ecology of a floodplain one has to bear
in mind that all assessments and models are based upon assumptions. The difference between
the reality and its simplified model will always reflect in a certain unpredictability. Good
models will describe the general behaviour of the system but, of course, deviations can occur.
To be able to modify the plan, to intervene when something unforeseen happens, to manage
the sytem, one has to follow the course of events. To meet these criteria, a monitoring
programme is proposed.
The basis of a monitoring programme is the konwledge of the present situation. This provides
a firm ground for the evaluation of the events. In the course of the present four-year project
much general information on the characteristics of hydrology, water management, water
quality, hydrobiology, ecology, flora and fauna has been collected. After having decided on
a feasablility study of any alternative to be implemented, further collection of specific
information will be needed.
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The data collection should be oriented towards the habitat parameters that have major
influence on the ecosytem and that are likely to change. The continuity of the data collection
must be assured unless the measurement shows the negligibility of a parameter.
As an example, in the case of Alternative III, more information about ground water and the
vegetation structure is needed in the northern part of the Gemenc area, where most of the
changes are expected. In this special case a more thorough investigation of the variation of
the water quality of the Sid throughout the year is required as well.
Based on the measurements and observations, the effectiveness of the executed measures can
be indentified and, when appropriate, adjustments can be made. For example, the siltation
of the side arms is expected to reach a stage where dredging is required in every ten years.
Should this ten year period be a wet period with more floods than average, the siltation would
be faster, reducing the intervals between consecutive dredgings. Or the other way round, a
dry period would delay the required dredging.

In the following, a short preliminary description of the monitoring needs is given.

8.2.2

Selection of parameters

The aim of the rehabilitation of the Gemenc floodplain is to create a better habitat for both
aquatic and terrestrial flora and fauna by improving the water supply and the water quality
of the floodplain. To monitor the effects of the measures, the water quantity and quality and
ecological parameters are to be measured. Besides the main parameters some others should
be measured as well. The morphological changes, like degradation of the main Danube bed,
are likely to influence the efficiency of the measures. Thus regular survey of aggradation and
degradation and the sediment transport is inevitable. The requirements for the measurements
are as follows:

Water quantity
The basic parameters for measuring water quantity are the water levels and the discharges.
The measurements should be designed to facilitate the assessments of the discharge distribution between the Danube and the side arms. As the water level of the Danube is the basic
determining factor for the water supply of the floodplain, water level measurements should
focus on the main Danube. In the side arms, the water levels have less importance than the
discharges and the distribution of discharges between the main channel and the side arms.
Hence simultaneous discharge measurements both in the Danube and side arms are necessary.
From water quality point of view the velocity and the residence time is of vital importance.
As a byproduct of the discharge measurements, the velocities can be used to assess the
residence time.
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Morphological changes
Morphological changes can be monitored by regular survey of the bathimetry of the water
courses. Two categories of changes are likely to occur: slow, trend like changes over the
years and fast changes after serious floods. The slow changes cause no problem for monitoring by regular survey, whereas the large flood events might invoke occasional measurements
and interventions especially at the inlets and outlets of the side arms.
Morphological changes induce sediment movement. Changes in the discharge distribution
among the main Danube and its side arms would invoke changes in the sediment distribution
as well. For the assessment of these changes both suspended sediment and bed load measurements are recommended at the in- and outlets of the side arms.

Water quality
The water quality is the key factor in aquatic life of the side arms. Therefore it is essential
to measure the main water quality parameters (chlorophyll-a, BOD, nitrite, nitrate, phosphor
etc.) both in the Danube and in the side arms. The water quality of the Danube is measured
at regular, two-weekly intervals in the Danube. The side arms would be sufficiently described
by a less dense measuring programme. Expeditional measurements 2 or 3 times per year at
low flow and high water- temperature conditions (probably in August-September) would
reveal most of the problems.

Ecology
Although the changes in the ecological parameters are difficult to assess, regular measurements and observations would reveal important tendencies. The measurements and observations should focus on macrofauna, hydrobiology, aquatic vegetation, indicator animal species
af higher trophic levels and vegetation structure.
Hydrobiology of the side arms is supposed to improve especially in the dry periods when
the most dramatic changes of the flow conditions are expected (i.e. from stagnant to flowing
conditions). Hydrobiological measurements shoud focus on both the population of specific
species and on the diversity of the species. As aquatic life reacts very fast to the weather
conditions, at least three measuring periods per year, late spring, i.e late summer and late
autumn, are required.
Aquatic vegetation is likely to change in those side arms where the stagnant flow conditions
would change to flowing conditions over the entire year. In these places revealing the present
situation is very important to have a basis for comparison.
Indicator species for rare or characteristic ecosytem types would help the assessment of the
changes in them. Improving conditions would manifest in increasing number of those species
and the appearance of new species.

delft hydraulics/rws-riza/vituki

8-3

Main Report

Floodplain Rehabilitation Gemenc

Vegetation structure is not likely to change over a short period as a result of Alternatives I
and II, exept for the bank vegetation. Here, regular photography or remote sensing should
be used to assess valuable changes. Besides, in Alternative III, a rapid change especially
regarding the forest undergrowth may be expected. A n apropriately laid out scheme of
vegetation relevees for repeated survey is necessary in that case.

8.2.3

Global description of parameters and methods to assess them

The improvement of the water supply of the side arms would decrease the discharge of the
Danube (except Alternative III) which in turn might affect its navigability. The Hungarian
Hydrologiacal Service carries out regular water level measurements at Dombori-puszta,
Szekszard-Gemenc and Baja twice a day. At Dombori-puszta and Baja the water levels are
transformed through regularly updated rating curves. This information is good enough to
investigate the possible changes; thus there is no need to do extra measurements on the
Danube. However, the evaluation of these data should be part of the monitoring programme.
To check the efficiency of the implemented alternative, discharge measurements are required
in the side arms at least at the upper end, but preferably at both ends. In this way the
discharge difference can give a hint on the amount of water that is taken up or resupplied
by the groundwater. Measurements are recommended in June-July at bankful flow and in
September-October at low flow.

A preliminary list of parameters is given below.

Sedimentation
—

Survey of bathimetry of the Danube every five years (regularly measured by the VIZIG).

—

Survey of bathimetry of the inlets and outlets of the side arms (every 5 years)

—

Survey of bathimetry of the side arms before dredging

—

Sediment transport at low flow and at bankful flow (both once a year in the first 5 years, then
once every 5 year)

Water Quality
— water temperature
— conductivity
—

dissolved solids

— pH
—

dissolved oxygen

—

BOD

— nitrite, nitrate, ammonia
— orhophosphate
— sulphate
— chlorophyll-a
— phyto- and zooplankton
— macrozoobenthos
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ecosystems

—

soil moisture - groundwater level

—

groundwater level at the existing sample locations every 15 days

—

soil moisture at selected location(s), from the surface down to the groundwater level at every

—

0.5 m.
vegetation structure through relevees at permanent plots and through remote sensing.

8.2.4

Implementation

The monitoring scheme should be elaborated in much more detail before implementation,
in close consultation with the authorities and parties involved.
The locations to be monitored should be indicated in a map, in categories of priority. For
some selected parameters an even distribution over the area should be guaranteed (remote
sensing!), with special emphasis on places with high current values. For other parameters
special measuring points should be selected. Required measuring intervals differ for the
different parameters and may range from daily (surface water level) to once in a few years
(vegetation development/animal species occurence).
It can be imagined that several monitoring scenarios can be defined, depending on specific
aims and available resources, stating explicitely the results to be expected, the instruments
needed, the manhours required and the associated costs.
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Conclusions

The Gemenc area can be characterized as having a complex structure in which river- and
ecological processes closely interact. As can be learned from the policy analysis any intervention in this system will have a range of effects, both positive and negative. The use of models
and expert opinions has clearly been helpful in unraveling the relations between the environment and human interventions. But, as we have seen, due to a number of necesary assumptions the analysis does not completely resembles reality. This has to be borne in mind when
drawing any conclusions from this analysis.
When one tries to sumarize the positive and negative effects of the alternatives, an aggregation of the results is needed. This requires an evaluation of effects which cannot simply be
added up. For instance in alternative Ila the increase of the flow velocities is beneficial for
the aquatic habitat, but on the other hand water quality may not improve significantly. The
combined effect on the ecology is therefore not unambiguously determined. Nevertheless,
a very rough indication of the impacts of the alternatives and their costs have been put
together in one final score-card (Table 9.1).
The analysis results show that ecological rehabilitation can be attained at reasonable costs for
the Ven, Mdric and Kddar Duna (Alternatives Ic, Id and Ie). Improvement of the Greheci
Duna (Alternative Ia) will entail huge amounts of dredging and is therefore quite expensive.
Due to the hydrological characteristics of the Reze'ti Duna (Alternative lb) here even major
dredging does not seem to result in a significant improvement of the ecological situation.
Although for the long lateral channel (Alternative Ila) the initial investment costs are relatively high, the cost effectiveness of the alternative is favourable due to its length and low
maintenance dredging costs. Hence, this alternative is also promising. The short lateral
channel (Alternative lib) shows some improvement of the ecological situation, but the cost
effectiveness is less favourable.
Alternative III, using the water of the Sid, is of quite a different nature compared to the other
alternatives. It will have an effect on the terrestrial floodplain ecosystems rather than on the
aquatic habitats in the side arms. Especially the improvement of the groundwater situation
looks promising, but should be studied in more detail. Alternative Illb, pumping water from
the Sid, is less costly than Ilia, heightening the weir. But it should be realized the the feasibility of Illb is questionable, due to the large pumping capacity needed in a relatively short
period per year.
The impacts of the alternatives on the hydrology and morphology of the side channels and
main channel and on the water quality within the side channels have been assessed with onedimensional mathematical models. None of the alternatives are expected to create problems
with regard to the river management requirements, such as safety against flooding, ice dams
and navigation. Improvements of the water quality which can be obtained with the different
alternatives are variable. Alternative Ia (Gre'beci), Ic (Ve'n) and Id (Mdric) probably give
the best results. The adverse impacts on the forestry are limited, and may even be positive
for Alternative III. For the fisheries most alternatives show an improvement, while the
recreation potential is enhanced, except for Alternative III.
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The over-all conclusion is that by a sound watermanagement which integrates the different
interests in the area, the rehabilitation of the Gemenc floodplain is possible indeed. Taking
into account the relatively high nature values still present in Gemenc, the potential for
improvement is high. Gemenc could be used as an example for the restoration of similar
floodplains elsewhere along the Danube.
It certainly will be worthwhile to combine the promising elements of each of the alternatives
into an integrated management plan for the sustainable development and rehabilitation of the
Gemenc floodplain. Besides dealing with measures related to the water system, this plan could
be extended with new management options in related fields of interest, such as the forestry,
game management and recreation. A monitoring programme is recommended to improve the
knowledge on the area and to be able to adjust the management plan whenever necessary.
The policy analysis approach of the project has demonstrated to be fruitful in a number of
ways. Interdisciplinarity of the study team, regular feedback with local groups and experts
and the use of a computational framework all proved to be important elements to reach the
results. It is hoped that these results will support the decision makers in their efforts to
guarantee a sound future of the Gemenc area.
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Working documents
In the framework of the study research activities have been undertaken by the institutes
involved and by others. Descriptions of these research activities and their results are communicated through the following Working Documents:
1. Vegetation studies.
A . Vegetations-dkologische Untersuchung im Donau-Auenwaldgebiet von Gemenc,
Sudungarn. (Ir. J . G . M . Rademakers)
B. The relation between Vegetation and Hydrology/Geomorphology in the Gemenc
Floodplain. (Drs. M . Schoor & Drs. I. van Splunder)
2. Restoration of the fresh water supply of side branches in the Gemenc Protected Landscape
Area, (VITUKI)
3. Hydraulic and morphological modelling (Ir. E . van Velzen & Ing. J. van Zetten)
4. Water Quality modelling (Ir. S. Groot & Ir. M . Bokhorst)
5. Vegetation modelling (Dr. B . Pedroli)
6. Economy of the Gemenc area (Drs. P.J.A. Baan)
7. The Geographic Information System for the Gemenc area. (Dr. B . Pedroli & R. van
Buren)
8. Ecological studies (Drs. M . Marchand, drs. E . Marteijn, A . Klink, B . Kalocsa)

Copies of the Working Documents can be obtained at RWS-RIZA, P . O . Box 17 8200 A A
Lelystad (The Netherlands). Comments are greatly appreciated and can be communicated
directly to the authors of the respective Working Documents or to Drs. Eric C L . Marteijn
(RWS-RIZA).
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